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INDOLINONE COMPOUNDS FOR THE TREATMENT OF DISEASE 

This application is a continuation-in-part of U.S. 
Patent Application Serial No. 08/485,323, filed June 7, 1995, 
which is hereby incorporated by reference in its entirety. 

5 

1. INTRODUCTION 

The present invention relates to novel compounds capable 
of modulating, regulating and/or inhibiting tyrosine kinase 
signal transduction. The present invention is also directed 
10 to methods of regulating, modulating or inhibiting tyrosine 
kinases, whether of the receptor or non-receptor class, for 
the prevention and/or treatment of disorders related to 
unregulated tyrosine kinase signal transduction, including 
cell proliferative and metabolic disorders. 

15 

2. BACKGROUND OF THE INVENTION 

Protein tyrosine kinases (PTKs) comprise a large and 
diverse class of proteins having enzymatic activity. The 
PTKs play an important role in the control of cell growth and 
20 differentiation (for review, see Schlessinger & Ullrich, 
1992, tfeuron 5:383-391). 

For example, receptor tyrosine kinase mediated signal 
transduction is initiated by extracellular interaction with a 
specific growth factor (ligand) , followed by receptor 
25 dimerization, transient stimulation of the intrinsic protein 
tyrosine kinase activity and phosphorylation. Binding sites 
are thereby created for intracellular signal transduction 
molecules and lead to the formation of complexes with a 
spectrum of cytoplasmic signalling molecules that facilitate 
30 the appropriate cellular response (e.g., cell division, 
metabolic effects to the extracellular microenvironment) . 
See, Schlessinger and Ullrich, 1992, Neuron 9:303-391. 

: With respect to receptor tyrosine kinases, it has been 
shown also that tyrosine phosphorylation sites function as 
35 high-affinity binding, sites for SH2 (arc homology) domains of 
signaling molecules. Fantl et ai., 1992, Cell 69:4ii-423; 
Songyang et ai., 1994, Mol. Cell. Biol. 24:2777-2785); 
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Songyang et al., 1993, Cell 72:767-778; and Koch et al., 
1991, science 252:668-678. several intracellular substrate 
protexns that associate with receptor tyrosine kinases (RTKs) 
have been xdentified. They may be divided into two principal 
5 groups: (1 , substrates which have a catalytic domain; and (2, 
substrates which lack SUC h domain but serve as adapters and 
assocxate with catalytically active molecules, songyang et 
al., 1993, Ceil 72:767-778. The specificity of the 
interactions between receptors or proteins and SH2 domains of 
10 thexr substrates is determined by the amino acid residues 
immediately surrounding the phosphorylated tyrosine residue. 

Sr^TLS toe binding af finities between SH2 donains - 

the amxno acid sequences surrounding the phosphotyrosine 
resxdues on particular receptors are consistent with the 

15 observed differences in their substrate phosphorylation 
profiles, songyang .t al., 1993, Cell 72:767-778. These 
observations suggest that the function of each receptor 
tyrosxne kinase is determined not only by its pattern of 
expressxon and ligand availability but also by the array of ' 

20 downstream signal transduction pathways that are activated by 
a particular receptor. Thus, phosphorylation provides an 

ITZTrT ^ WhiCh deteraine * the selectivity of 

signaling pathways recruited by specific growth factor 
receptors, as well as differentiation factor receptors. 
fih « *^" aBt or mutations in the PTKs have been 

malxL \ ^ t0 eith6r UnCOntr ° lled Cel1 Proliferation (e.c, 
malignant tumor growth, or to- defects in key developmental 
processes. . consequently, the biomedical community has 
,« ■MP lfio « t resources to discover the specific 

in°^ ^ ° f menberS ° f tte m fa * ilv < «»eir function 
, r in differentiation processes, their involvement in 

tumorigenesis and in other diseases, the biochemical 

»e|hanisms underlying their signal transduction pathways 

35 no~P! ^ U9and development of 

35 novel , drugs., 
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Tyrosine kinases can be of the receptor-type (having 
extracellular, transmembrane and intracellular domains) or 
the non-receptor type (being wholly intracellular) . 

Receptor Tyrosine Kinases. The RTKs comprise a large 
5 family of transmembrane receptors with diverse biological 
activities. The intrinsic function of RTKs is activated upon 
ligand binding, which results in phosphorylation of the 
receptor and multiple cellular substrates, and subsequently 
in a variety of cellular responses. Ullrich & Schlessinger, 
10 1990, Cell 52:203-212. 

At present, at least nineteen (19) distinct RTK 
subfamilies have been identified. One RTK subfamily, 
designated the HER subfamily, is believed to be comprised of 
EGFR, HER2 , HER3 and HER4. Ligands to the Her subfamily of 
15 receptors include epithelial growth factor (EGF) , TGF-a, 
amphiregulin, HB-EGF, betacellulin and heregulin. 

A second family of RTKs, designated the insulin 
subfamily, is comprised of the INS-R, the IGF-^R and the IR- 
R. A third family, the "PDGF" subfamily includes the PDGF a 
20 and 0 receptors, CSFIR, c-kit and FLK-II. Another subfamily 
of RTKs, identified as the FLK family, is believed to be 
comprised of the Kinase insert Domain-Receptor fetal liver 
kinase-1 (KDR/FLK-1) , the fetal liver kinase 4 (FLK-4) and 
the fms-like tyrosine kinase l (f lt-l) . Each of these 
25 receptors was initially believed to be receptors for 

hematopoietic growth factors. Two other subfamilies of RTKs 
have been designated as the FGF receptor family (FGFR1, 
FGFR2, FGFR3 and FGFR4) and the Met subfamily (c-met and 
Ron) . 

30 Because of the similarities between the PDGF and FLK 

subfamilies, the two subfamilies are often considered 
together. The known RTK subfamilies are identified in 
Plowman et al., 1994, DN&P 7 (6) :334-339, which is 
incorporated herein by reference. 

35 The Jfaa-Receptor Tyrosine Kinases. The non-receptor 

tyrosine kinases represent a collection of cellular enzymes 
which lack extracellular and transmembrane sequences. At 

- 3 - 
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present, over twenty-four individual non-receptor tyrosine 
kinases, comprising eleven (11) subfamilies (Src, Frk Btk 
Cs* 2ap70 , pes/fSSi m> Jak _ ^ < - *. BtH^ 

s tv^l l: " PrMMt ' ^ Sr ° SUbfaKi1 ^ ° f non-receptor 
s tyrosine kinases is co-prised of the largest number of ptks 
and delude Src, *es, Fyn, Lyn, u±. Blk, Hck, Fgr J £T 
The src subfamily of enzymes has been linked to oncogenes^ 
A more detailed discussion of non-receptor tyrosine kinases 
is proved in Bolen, iw, oncogene 3:2025-3031, which iT 
10 incorporated herein by reference. 

Many of the tyrosine kinases, whether an RTK or non- 

cellular signaling pathways leading to cellular signal assays 
Signaling pathways leading to pathogenic conditio^ ' 
lnclul5 "'9 «»«r, psoriasis and hyper im»une response 
of °"" 1<,PB * Dt 0f ""Worn*. To flodulat. n. pt,.. ln viw 
of the surmised importance of PTKs to the control, r^ulat^n 
and modulation of cell proliferation the diseases and 

2. atte^V SS °! iatad ^ atn0rml CeU P«l«eration, many' 

£2£ T e "* *° identl,y reC6ptor — nonreceptor 
tyrosine kinase "inhibitors- using a variety of approached 

TtlTZ™: r li9aMs <°- s - »PP«c««o„t : 

«° 54/10202, Kendall s Thomas, 1994, Proc. Kat'l Acad s=f 
« 90:10,05-09, Kim, .t al., 1993, »ature 3«: 84 1- 4 £ phT 
ligands (J .llinek, et Mochemistry 33:10450-56^ 

aT"» 9 r ~" l " 3 ' Bi °- CBl2 4!35te ' Ki ""^ * 

«!., 1992, ffirp. ce21 fies . 1M:56 . 6 . # ^ 

3. £££ — tyrosine kinase inhibitors'™ 

More recently, attempts have been made to identify small 
molecules which act as tyrosine Kinase inhibitors. For 
example, bis monocyclic, bicyciic or heterocyclic aryl 

(pTw^t ST 6642> ' Viri ^— ^ derivatives 
(PCT wo 94/14808, and l-cyclopropyl-4-pyridyl-quinoiones 
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(U.S. Patent No. 5,330,992) have been described generally as 
tyrosine kinase inhibitors. Styryl compounds (U.S. Patent 
No. 5,217,999), styryl-substituted pyridyl compounds (U.S. 
Patent No. 5,302,606), certain quinazoline derivatives (EP 
5 Application No. o 566 266 Al) , seleoindoles and selenides 
(PCT WO 94/03427) , tricyclic polyhydroxylic compounds (PCT W0 
92/21660) and benzylphosphonic acid compounds (PCT WO 
91/15495) have been described as compounds for use as 
tyrosine kinase inhibitors for use in the treatment of 
10 cancer. 

The identification of effective small compounds which 
specifically inhibit signal transduction by modulating the 
activity of receptor and non-receptor tyrosine kinases to 
regulate and modulate abnormal or inappropriate cell 
IS proliferation is therefore desirable and the object of this 
invention. 

3. SUMMARY OP THE INVENTION 

The present invention relates to organic molecules 

20 capable of modulating, regulating and/or inhibiting tyrosine' 
kinase signal transduction. Such compounds are useful for- 
the treatment of diseases related to unregulated TKS 
transduction, including cell proliferative diseases such as 
cancer, atherosclerosis, arthritis and restenosis and 

25 metabolic diseases such as diabetes. 

In one illustrative embodiment, the compounds of the 
present invention have the formula: 



30 

(I) 



35 




and pharmaceutical^ acceptable salts thereof, wherein 
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R x is H or alkyl; 
R 3 is O or S; 
R 3 is hydrogen; 

R*, Rs/ R 6 , and R, are each independently selected from 
5 the group consisting of hydrogen, alkyl, alkoxy, aryl, 
aryloxy, alkaryl, alkaryloxy, halogen, trihalomethyl, S(o,R 

(CHJaCOjR, and CONRR'; 

and b,. are each independently selected from the 
10 group consisting of hydrogen, alkyl, alkoxy, aryl, aryloxy 

S^c 1 : alkarylOXy ' halo * en ' trihalomethyl, S(0)R, som' . 
SO,R, SR, NO,, m ., OH, CK, C(0)R, OC(0)R, NHC(0>R, 
(CH a ) n C0 2 R, and CONRR'; 

n is 0-3; 
15 X is Br, Cl, F or I; 

R is H, alkyl or aryl; and 

R' is H, alkyl or aryl. 

in another illustrative embodiment, the compounds of the 
20 present invention have the formula: 



_, NRaRb 

"3> 



2S (II) 




30 

and pharmaceutical^ acceptable salts thereof, wherein 
Hi is H or alkyl; 
Hj is O or S; 
Rj is hydrogen; 

3S r,, Rg, Rj, and R, are each independently selected from 
the group consisting of hydrogen, alkyl, alkoxy, aryl, 
arylQsy, alkaryl, alkaryloxy, halogen, trihalomethyl, S (0)R, 
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S0 2 NRR', S0 3 R, SR, N0 2 , NRR' , OH, CN, C(0)R, OC(0)R, NHC(0)R, 
(CH 2 ) n C0 2 R, and CONRR'; 

R 2 ., R 3 ., Rs W and R^. are each independently selected from 
the group consisting of hydrogen, alkyl, alkoxy, aryl, 
5 aryloxy, alkaryl, alkaryloxy, halogen, trihalomethyl, S(0)R, 
S0 2 NRR', S0 3 R, SR, N0 2 , NRR' , OH, CN, C(0)R, OC(0)R, NHC(0)R, 
(CH 2 ) n C0 2 R, and CONRR'; 

Ra and Rb are each independently selected from the group 
consisting of H, alkyl and C(0)R, or NRaRb taken together may 
10 be a heterocyclic ring of from 3 to 8 atoms optionally 
substituted at one or more positions with hydrogen, alkyl, 
alkoxy, aryl, aryloxy, alkaryl, alkaryloxy, halogen, 
trihalomethyl, S(0)R, S0 2 NRR', S0 3 R, SR, N0 3 , NRR', OH, CN, 
C(0)R, OC(0)R, NHC(0)R, (CH^COjR, and CONRR'; 
15 n is 0-3; 

X is Br, CI, F or I; 

R is H, alkyl or aryl; and 

R' is H, alkyl or aryl. 

20 In yet another illustrative embodiment, the compounds of 

the present invention have the formula: 



A 




and pharmaceutical^ acceptable salts thereof, wherein 

Rj is H or alkyl; 

Ra is O or S; 
35 Rj is hydrogen; 

R«# R«# and R, are each independently selected from 
the group consisting of hydrogen/ alkyl, alkoxy, aryl, 
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aryloxy, aUcaryl, alkaryloxy, halogen, trihalo«thyl, S(0, R 

A is a five membered heteroaryl ring selected fr Q » i-h* 
1,2,3-trxazole, 1,2,4-triazole, oxazole, isoxazole thi»,„, 

r:?:::, 16 ' r itonyifuran - i ; : ^ : 

1.2 ^-oxadiazole, 1,2,5-oxadiazole. 1,3,4-oxadiazoU, 
1.2.3,4-oxatraazola, 1,2,3,5-oxatriazole, 1 2 3-thi,rf<.. , 

1.2.3,4-thiatriazole. 1.2,3,5-thlatriazole, ana tetrazoie 
ontionauy aubstituted at one or .or. posi^ons £T££ 
alKoxy, aryi, aryloxy, alfcaryl, alxaryloxy, halogen 
trihalomethyl, S{0)R, SOJOUV, sor SK mo m jf 
» C(0 )R . 0= ( 0,R, HHC.O.R, 'w^VZZr, ' C "' 

n is 0-3; 

X is Br, ci, f or I; 

R is H, alkyl or aryl; and 

R' is H, alkyl or aryl. 

20 

of th^nf il \"° ther illUStrative embodiment, the compounds 
of the present invention have the formula: 



25 

(IV) 



30 




Phar^ceuticany acceptable „lts thereof, wherein: 
«i is H or alkyl; 
is O or S; 
35 R, is hydrogen; 

Ro Rs, R«, and R, are each ' independently selected from 
the group consisting of hydrogen, alkyl, a!3coxy a^t 
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aryloxy, alkaryl, alkaryloxy, halogen, trihalomethyl, S(0)R, 
S0 2 NRR' / S0 3 R, SR, N0 2 , NRR' , OH, CN, C(0)R, OC(0)R, NHC(0)R, 
(CH 2 ) n C0 2 R, and CONRR'; 

R 3 ., R«., Rj., and R^ are each independently selected from 
5 the group consisting of hydrogen, alkyl, alkoxy, aryl, 

aryloxy, alkaryl, alkaryloxy, halogen, trihalomethyl, S (O)R, 
S0 2 NRR', S0 3 R, SR, N0 2 , NRR' , OH, CN, C(0)R, OC(0)R, NHC(0)R, 
(CH 2 ) n C0 2 R, and CONRR'; 

n is 0-3; 
10 X is Br, CI, F or I; 

R is H, alkyl or aryl; and 

R' is H, alkyl or aryl. 

In a final illustrative embodiment, the compounds of the 
15 present invention have the formula: 



(V) 

20 




25 and pharmaceutical^ acceptable salts thereof, wherein: 
Rx is H or alkyl; 
Ra is O or S; 
R 3 is hydrogen; 

and-R, are each independently selected from 
30 the group consisting of hydrogen, alkyl, alkoxy, aryl, 

aryloxy, alkaryl, alkaryloxy, halogen, trihalomethyl, S(0)R, 
SOONER' , SOjR, SR, NO a , NRR', OH, CN, C(0)R, OC(0)R, NHC(0)R, 
(CH^COjR and CONRR'; 

*Rj. # Rj., Rj, , and R«. are each independently selected from 
35 the group consisting of hydrogen* alkyl, alkoxy, aryl, 

aryloxy, aUpryl, alkaryloxy, halogen, trihalomethyl, S(0)R, 
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!™ 2; HER '' 0H ' 0H ' C(0,R ' 00(0,R ' ««■». 

n is 0-3; 

Z is Br, Cl, P , If methyl, ethyl, n-propyl iso-nrom,! 
S n-butyl, iso-butyl or tert-butyl; iso propyl, 

R is H, alkyl or aryl; and 
R' is H, alkyl or aryl. 

The present invention is further directed to 
10 P^-aceutical compositions comprising a pharmaceutical^ 

I-V and ! ° f ^ ab ° Ve - d — ^ compounds of formulae 

I-V and a pharmaceutical^ acceptable carrier or excir>W 
such a composition is believed to modulate signal ' 
transduction by a tyrosine kinase, either by inhibition , 

15 : A t lyti v ctivity ' affinit * *> » or ^TtTll^ll 

with a substrate. interact 

More particularly, the compositions of the present 
invention may be included in methods for treating diseases 
comprxsxng proliferation, fibrotic or metabolic Lowers 

^17 T Cer ' fibr ° SiS ' PS ° riaSiS ' atherosclerosis 
arthritis, and other disorders related to abnormal 

vasculogenesis and/or angiogenesis, such as diabetic 
retinopathy. 

25 4. DETAILED DESCRIPTION OF TEE INVENTION 
4.1. Definitions 

the freTb^ "° l0glcal ««e=tiveness and property „ f 
3. inorganic .old, such as hydrochloric acid, hydrobro^ acid 

£'£Z1ZT aCW ' — — acid, salicy^ 
35 Mtm .Iff 1 ," J ** ferS 40 " -^^t-^in, branched or cyclic 

^1 to 12 carbons. Hore preferably, it is a lowerilkyTrf 
fro. 1 to 7 carbons, .ore preferably a to 4 carbons. J£L£ 
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alkyl groups include methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, tertiary butyl, pentyl, hexyl and the like. The 
alkyl group may be optionally substituted with one or more 
substituents are selected from the group consisting of 
5 hydroxyl, cyano, alkoxy, =0, =s, NO,, halogen, N(CHj) a amino, 
and SH. 

"Alkenyl" refers to a straight-chain, branched or cyclic 
unsaturated hydrocarbon group containing at least one carbon- 
carbon double bond. Preferably, the alkenyl group has 1 to 
10 12 carbons. More preferably it is a lower alkenyl of from l 
to 7 carbons, more preferably l to 4 carbons. The alkenyl 
group may be optionally substituted with one or more 
substituents selected from the group consisting of hydroxyl, 
cyano, alkoxy, =0, =s, N0 2 , halogen, N(CH,) 2 amino, and SH. 
15 "Alkynyl" refers to a straight-chain, branched or cyclic 

unsaturated hydrocarbon containing at least one carbon-carbon 
triple bond. Preferably, the alkynyl group has l to 12 
carbons. More preferably it is a lower alkynyl of from 1 to 7 
carbons, more preferably 1 to 4 carbons. The alkynyl group 
20 may be optionally substituted with one or more substituents • 
selected from the group consisting of hydroxyl, cyano, 
alkoxy, =0, =s, N0 a , halogen, N(CH 3 ) a amino, and SH. 
"Alkoxy" refers to an "-Oalkyl" group. 
"Aryl" refers to an aromatic group which has at least 
25 one ring having a conjugated pi electron system and includes 
carbocyclic aryl, heterocyclic aryl and biaryl groups. The 
aryl group may be optionally substituted with one or more 
substituents selected from the group consisting of halogen, 
trihalomethyl, hydroxyl, SH, OH, NO,, amine, thioether, cyano, 
30 alkoxy, alkyl, and amino. 

"Alkaryl" refers to an alkyl that is covalently joined 
to an aryl group. Preferably, the alkyl is a lower alkyl. 
~'- '"• "Carbocyclic aryl" refers to an aryl group wherein the 
ring: atoms are carbon. . u 
35 "Heterocyclic aryl" refers to an -aryl group having from 

1 to 3 heteroatoms as ring atoms,, the remainder of the ring 
atoms being carbon. Heteroatoms include oxygen'r sulfur, and 
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nitrogen. Thus, heterocyclic aryl groups include furanyl 
thxenyl, pyridyl, pyrrolyl, N -lower alkyl pyrrol0/ pyri l' 
pyrazinyl, imidazolyl and the like. Pynmxdyl, 

"Amide- refers to -C(0)-NH-R, where R is alkyl arvl 
5 alkylaryl or hydrogen. * ' m ' 

"Thioamide" refers to -C(S)-NH-R, where R is alkyl 
aryl, alkylaryl or hydrogen. ' 
"Amine., refers to a -N(R',R" group/ where R , ^ 

10 ^^ ndependentl y sele °ted from the group consisting of 
10 alkyl, aryl, and alkylaryl. 

a lw ^ Mther " Mfers to - S - R ' " he " R *■ -n. »r 

"SuUonyl.. refers to -S(o),- R , where R is aryl, c(a) . 

4.2. The Invention 

re™!^ T inV<M,tion *•»■*- <=<> sounds capable of 
regulate, and/or modulating tyrosine kinase signal 

Sr2T* iOT DOre Partiol>1 ^ an*- non-receptor 

tyrosine kinase signal transduction. 

ini ti !n P r r tYrOSlM """^ ***>«1 transduction is 

fa^of^ r 18 " 11 " 1 " int "«"°» . specific crow^n 

factor (ligand), followed by receptor dimerization, transit 

^rrr of ^ * ntriMio *^ « 1™ 

andphcsphoryution. Binding sites are thereby created for 

xolti ^ " ,al ..«—»- and lead to the 

forMtion Of complexes with a spectrum of cytoplasmic 

3. leZl , " OUCUUS ta0ilitat « «• appropriate cellular 

30 response. ,e.a., cell division, metabolic effects to th. 

-rtracellular microenvironment). See, schleseinger and 
Ullrich, 1992, ifeuron 9i303-39l. ano 

^_It^has been shown that tyrosine phosphorylation sites in 

33 .^or^'rT" fUnCtl ° n -■ »inding 
Pan^ - 3 XOgy) dOMl " ° f -olecules. 

«. cell. Bioi. «: 2777 -„ 85) . songyan, et al., 19, , 
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72:767-778; and Koch et al., 1991, Science 252:668-678. 
Several intracellular substrate proteins that associate with 
receptor tyrosine kinases have been identified. They may be 
divided into two principal groups: (1) substrates which have 
5 a catalytic domain; and (2) substrates which lack such domain 
but serve as adapters and associate with catalytically active 
molecules. Songyang et al., 1993, Cell 72:767-778. The 
specificity of the interactions between receptors and SH2 
domains of their substrates is determined by the amino acid 

10 residues immediately surrounding the phosphorylated tyrosine 
residue. Differences in the binding affinities between SH2 
domains and the amino acid sequences surrounding the 
phosphotyrosine residues on particular receptors are 
consistent with the observed differences in their substrate 

15 phosphorylation profiles. Songyang et al., 1993, Cell 

72:767-778. These observations suggest that the function of 
each receptor tyrosine kinase is determined not only by its 
pattern of expression and ligand availability but also by the 
array of downstream signal transduction pathways that are 

20 activated by a particular receptor. Thus, phosphorylation 
provides an important regulatory step which determines the 
selectivity of signaling pathways recruited by specific 
growth factor receptors, as well as differentiation factor 
receptors . 

25 Tyrosine kinase signal transduction results in, among 

other responses, cell proliferation, differentiation and 
metabolism. Abnormal cell proliferation may result in a wide 
array of disorders and diseases, including the development of 
neoplasia such as carcinoma, sarcoma, leukemia, glioblastoma, 

30 hemangioma, psoriasis,, arteriosclerosis, arthritis and 
diabetic retinopathy (or other disorders related to 
uncontrolled angiogenesis and/or vasculogenesis) . 

This invention is therefore directed to compounds which 
regulate, modulate and/or inhibit tyrosine kinase signal 

35 transduction by affecting the enzymatic activity of the RTKs 
and/or the non-receptor tyrosine kinases ahd v interfering with 
the signal transduced such proteins * More particularly, the 
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present invention is directed to compounds which regulate 
jnodulate and/or inhibit the RTK and/or non-receptor tyrosine 
aZa e c rt lated Si9nal tranSdUCtion *™ as a therlpeut c 

s Zt llV: T e nany kinds of solid tuaors < inclu ^ 2* 

.iLlL? CarCin ° aa ' SarCOBa ' leUkeMia ' ™obLtoma, 
glioblastoma, meningioma, astrocytoma, melanoma and 

myoblastoma. Indications may include, but are not limited to 
brain cancers, bladder cancers, ovarian cancers, gastric 
cancers, pancreas cancers, colon cancers, blood cancers iun 0 
10 cancers and bone cancers. cancers, lung 

4.3. The Compounds 

in one embodiment, the invention provides compounds . 
having the formula: P 

15 



(i) 

20 



jry* 




and the pharmaceutical^ acceptable salts thereof, wherein 
2S R x is h or alkyl; 1,1 
Ra is O or S; 
1*3 is hydrogen; 
y K., R., and R, are each independently s.l.cted fro* 
the group consisting of hydrogen, alkyl, alkoxy, aryl, 
ST' a ^- a ^«y. »al«gen, trihalcetn^, s,o, R 

r- - — — ; 

K... B.., and,*,, are each independently sel.oted from the 
35 a^n^ 0t h,dr ^ en ' arylo^ 

; ff' H0 » "^-.^OH.. avc ( 0)»; 0C(O)H, BHCCbJR, 
(CH a ) B C03R, and COMRR'; 
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n is 0-3; 

X is Br, CI, F or I; and 
R is H, alkyl or aryl; and 
R' is H, alkyl or aryl. 

5 

In a preferred embodiment of the compounds of formula I, 
R 3 ' is selected from the group consisting of methyl, ethyl, n- 
propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, halogen, 
aryl and OR, where R is H, alkyl or aryl; and R,' is selected 
10 from the group consisting of hydrogen, methyl, ethyl, n- 
propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, halogen, 
aryl and OR, where R is H, alkyl or aryl. 

A particularly preferred compound of formula I is 3-(2- 
chloro-4-hydroxybenzylidenyl)-2-indolinone (SU4932) . 



15 



In another embodiment, the invention provides compounds 
having the formula: 



NRaRb 



20 



(ID 




25 

and the pharmaceutical^ acceptable salts thereof, wherein 
Rx is H or alkyl; 
R, is or S; 
30 R3 is hydrogen; 

R^r Rs# R«, and R, are each independently selected from 
the group consisting of hydrogen, alkyl, alkoxy, aryl, 
aryloxy, alkaryl, alkaryloxy, halogen, trihalomethyl, S(0)R, 
SCyiRR', SO,R, SR, N0 a , NRR' , OH, CN, C(0)R, OC(0)R, NHC(0)R, 
35 (CHa^COaR, and CONRR' ; 

Ra., R,., R,., and Rg. are each independently selected from 
the group consisting of hydrogen, alkyl, alkoxy, aryl, 
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aryloxy, alkaryl, alkaryloxy, halogen, trihaloxaethyl S (o,R 
SOjNRR' , S0 3 R, SR , N0 „ NRR' , 0H/ CN, C<0>R, OC (O) R NHC (O) R ' 
(CH a ) n C0 2 R, and CONRR' ; U M°JR, NHC(0)R, 

substituted at one or more positions with hydrogeT aLvl 
alKoxy, aryl, aryloxy< alkaryl> alk9ryloxyj y hal ^; n ' 
tr.haXo.ethy!, S( 0 )R , so,™,, so, R , SH, „ 
i. C(o,r, oc,o,r, mc( o )R , (aw.ec* or amX, ' ' 

n is 0-3; 

X is Br, CI, F or I; and 
R is H, alkyl or aryl; and 
R' is H, alkyl or aryl. 

15 

II f . Pr T re4 6Mbo,1W «* «*• ^unds of formula 
e~v, 8 ^ <— of -ethyl, 

ethyl, n-propyl, i 8 o-propyl, n-butyl, iso-butyl, tj-buty! 
halogen, aryl and o*, „h«. , is alkyl or ^ "* butyl < 
A particularly preferred compound of formula II is 3 -,< 
^ ^thylaminoben 2 ylidenyl,-2-indolino„e (S04312,. ' 

in yet another embodiment, the invention provides 
compounds having the formula: Provides 




30 

(III) 



" ".t.nn^' *^." 1 '- ^—in 
Ra is O or S; 
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R 3 is hydrogen; 

R«, Rj, Rg, and R 7 are each independently selected from 
the group consisting of hydrogen, alkyl, alkoxy, aryl, 
aryloxy, alkaryl, alkaryloxy, halogen, trihalomethyl, S(o)R, 

5 S0 2 NRR', SO,R, SR, N0 2 , NRR' , OH, CN, C(0)R, OC(0)R, NHC(0)R,' 
( CR 2)n c O^R, and CONRR'; 

A is a five membered heteroaryl ring selected from the 
group consisting of thiophene, pyrrole, pyrazole, imidazole, 

1.2.3- triazole, 1,2,4-triazole, oxazole, isoxazole, thiazole, 
10 isothiazole, 2-sulfonylfuran, 4-alkylfuran, 1,2,3-oxadiazole,' 

1.2.4- oxadiazole, 1,2,5-oxadiazole, 1,3,4-oxadiazole, 
1,2,3,4-oxatriazole, 1,2,3,5-oxatriazole, 1,2,3-thiadiazole, ' 
1,2,4-thiadiazole, 1,2,5-thiadiazole, 1,3,4-thiadiazole, 
1,2,3,4-thiatriazole, 1,2,3,5-thiatriazole, and tetrazole, 

15 optionally substituted at one or more positions with alkyl, 
alkoxy, aryl, aryloxy, alkaryl, alkaryloxy, halogen, 
trihalomethyl, S(0)R, SO a NRR', SO,R, SR, N0 a , NRR', OH, CN, 
C(0)R, 0C(0)R, NHC(0)R, (CH 2 )„C0 2 R or CONRR'; 
n is 0-3; 
20 x is Br, CI, F or I; 

R is H, alkyl or aryl; and 
R' is H, alkyl or aryl. 

In a preferred embodiment of the invention, the compound 
25 of formula III is 3- [ (2,3 -Dimethylpyrrol-5-yl) methylene] -2- 
indolinone (SU5416) . 

In still another embodiment, the invention provides 
compounds having the formula: 

30 



(IV) 
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and the 

pharmaceutical]^ 
acceptable salts 
thereof, wherein: 
5 R x is H or 

alkyl; 

R 2 is O or S; 

R 3 is hydrogen; 

R4, R s , R«, and 

10 R, are each independently selected from the group consisting 
of hydrogen, alkyl, alkoxy, aryl, aryloxy, alkaryl, 
alkaryloxy, halogen, trihalomethyl , S(0)R, so 2 NRR' , so 3R/ S R 
N0 3 , NRR' , OH, CN, C(0)R, OC(0,R, NHC(0)R, <CH a ) n C0 2 R, and ' 
CONRR'; " 3 ' 

" R 3 -, R,., R 5 ., and R,. are each independently selected from 

the group consisting of hydrogen, alkyl, alkoxy, aryl, 
aryloxy, alkaryl, alkaryloxy, halogen, trihalomethyl, S(0)R 
SO a NRR' , SO3R, SR, N0 2 , NRR' , OH, CN, C(0,R, OC(0)R, NHC(0)R, 
(CHahCOjR, and CONRR'; , 
20 n is 0-3; 

X is Br, Cl, f or I; 

R is H, alkyl or aryl; and 

R' is H, alkyl or aryl. 

25 m a preferred embodiment of the compound of formula IV 

IV is selected from the group consisting of methyl, ethyl, n- 
propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, halogen 
aryl and OR, where R is H, alkyl or aryl; M d R,' is selected 
from the group consisting of hydrogen, methyl, ethyl, n- 

30 propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, halogen, 
aryl and OR, where R is H, alkyl or aryl. 

A particularly preferred compound of formula IV is 3-/2- 
Ethoxyben 2 ylidenyl]- 2 -indolinone (SU5204) . 

in a final embodiment, the invention provides compounds 

35 having the formula: 



- 18 - 



WO 96/40116 



PCT/US96/08903 



(V) 




and the 

pharmaceutically 
acceptable salts 
thereof , where in : 
10 Rj is H or alkyl; 

Ra is 0 or S; 

R 3 is hydrogen; 

R*' **> R«/ and R 7 are each independently selected from 
the group consisting of hydrogen, alkyl, alkoxy, aryl, 
15 aryloxy, alkaryl, alkaryloxy, halogen, trihalomethyl, S(0)R, 
SO a NRR', SOj R, SR, NO,, NRR' , OH, CN, C(OJR, OC(0)R, NHC(0)R,' 
(CH a ) n CO a R and CONRR'; 

Ra-, R 3 ., Rs., and Rj. are each independently selected from 
the group consisting of hydrogen, alkyl, alkoxy, aryl, 
20 aryloxy, alkaryl, alkaryloxy, halogen, trihalomethyl, S(0)R,' 
SO a NRR', S0 3 R, SR, NO a , NRR', OH, CN, C(0)R, 0C(0)R, NHC(0)R,' 
(CH a ) B CO a R and CONRR'; 

n is 0-3; 

Z is Br, CI, F, 1, methyl, ethyl, n-propyl, iso-propyl, 
25 n-butyl, iso-butyl or tert-butyl; 
R is H, alkyl or aryl; and 
R' is H, alkyl or aryl. 

In a preferred embodiment of the compounds of formula V, 
R 3 ' is selected from the group consisting of methyl, ethyl, n- 

30 propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, halogen, 
aryl and OR, where R is H, alkyl or aryl; and R,' is selected 
from the group consisting of hydrogen, methyl, ethyl, n- 
propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, halogen, 
aryl and OR; where R is R, alkyl or aryl. 

35 A particularly preferred compound of formula V is 3-(4- 

Bromobenzylidenyl) -2-indolinone (SU4942). 
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The chemical formulae referred herein -ay exhibit the 
Phenomena of tautomerism or structural isomerism. For 
example, the compounds described herein may be adopt a cis or 
trans conformation about the double bond connecting toe 

within this specification can only represent one possible 
tautomeric or structural isomeric form, it should be 

1. stu="tl°i r" lnVCTti0n -V tautomeric or 

structural isomeric form, or mixtures thereof, which 

ST* aMlity to i*ibit and/or modulate 

r^ lilt '"^ tr "~° n « Proliferation and 

form" utirT "* °" e *"*"■«* 0^ structural isomeric 
form utilized within the formulae drawing 

" nha™ 1 " a ^ iti0 " t0 *"* ab0 ™-^=cribed compounds and their 

forL^f\ h aPPUcable ' t0 ^vated as well as unsolvated 
forms of the compounds (e.g. hydrated forms, having the 

» 2L «T "! V - MaUlate P-«reratio n . ' 

The compounds described herein may be prepared by any 
process known to be aoDlicahl. t-„ .... 3 
, applicable to the preparation of 

chemicaUy-related compounds, suitable processes are 
illustrated in the examples, necessary starting materials 

« ^ "tT:: 1 Standard ~ - organic^ 

a a . compound's re!evant activity and efficacy 

as an agent to affect receptor tyrosine Kinase mediate! 
signal transduction may be determined using available 
tlTelZT' ' -P°"nd is subjected to a 

a. ^ ?\ SCr,enS *" compound's ability to 

^™ ' ln r T latS ^ /0r ^ Proliferation^ Lse 

^och^c ^tls ::* they ™ *»— • 

"ways, ceil growth assays and in vivo 

experiments. 
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4.4. indications 

The compounds described herein are useful for treating 
disorders related to unregulated tyrosine kinase signal 
transduction, including cell proliferative disorders, 
5 fibrotic disorders and metabolic disorders. 

Cell proliferative disorders which can be treated or 
further studied by the present invention include cancers, 
blood vessel proliferative disorders and mesangial cell 
proliferative disorders. 
10 Blood vessel proliferative disorders refer to angiogenic 

and vasculogenic disorders generally resulting in abnormal 
proliferation of blood vessels. The formation and spreading 
of blood vessels, or vasculogenesis and angiogenesis, 
respectively, play important roles in a variety of 
15 physiological processes such as embryonic development, corpus 
luteum formation, wound healing and organ regeneration. They 
also play a pivotal role in cancer development, other 
examples of blood vessel proliferation disorders include 
arthritis, where new capillary blood vessels invade the joint 
20 and destroy cartilage, and ocular diseases, like diabetic 
retinopathy, where new capillaries in the retina invade the 
vitreous, bleed and cause blindness. Conversely, disorders 
related to the shrinkage, contraction or closing of blood 
vessels, such as restenosis, are also implicated. 
25 Fibrotic disorders refer to the abnormal formation of 

extracellular matrix. Examples of fibrotic disorders include 
hepatic cirrhosis and mesangial cell proliferative disorders. 
Hepatic cirrohis is characterized by the increase in 
extracellular matrix constituents resulting in the formation 
30 of a hepatic scar. Hepatic cirrhosis can cause diseases such 
as cirrhosis of the: liver. An increased extracellular matrix 
resulting in a hepatic scar can also be caused by viral 
infection such as hepatitis. Lipocytes appear to play a 

* ole ion hepatic cirrhosis, other fibrotic disorders 
35 implicated include atherosclerosis (see, below). 

Mesangial cell proliferative disorders refer to 
disorders brought about by abnormal proliferation of 
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mesangial cells. Mesangial proliferative disorders include 
various human renal diseases, such as glomerulonephritis 
diabetic nephropathy, malignant nephrosclerosis, thrombotic 
microangiopathy syndromes, transplant rejection, and 
5 glomerulopathies. The PDGF-R has been implicated in the 
maintenance of mesangial cell proliferation. Floege etal 
1993, Kxdney International 43:47S-54S. 

PTKs have been associated with such cell proliferative 
disorders For example, some members of the RTK family have 
10 been associated with the development of cancer. Some of 
these receptors, like the EGFR (Tuzi et al., 1991, Br j 
Cancer 53:227-233; Torp et al., 1992, apmis 200:713-719)' 
HER2/neu (Slamon et al., 1989, Science 244:707-712) and the 
PDGF-R (Kumabe et al . , 1992, oncogene 7:627-633) are 
15 overexpressed in many tumors and/or persistently activated by 
autocrine loops, m fact, in the most common and severe 
cancers these receptor overexpressions (Akbasak and Suner- 

TlT [I*/'' 1992 ' J ' NeUr01 ' SCi * 2 " !l "-"3; Dickson 
et al., 1992, cancer Treatment Res. 61:249-273; Korc et al' 

20 1992 j. ciin. xnvest. 90:1352-1360, and autocrine loops £l 
and Donoghue, 1992, J. cell. Biol. 118:1057-1070; Korc et 
al-, supra; Akbasak and Suner-Akbasak et al., supra) have 
been demonstrated. For example, the EGFR receptor has been 
associated with squamous cell carcinoma, astrocytoma, 

25 glioblastoma, head and neck cancer, lung cancer and bladder 
cancer. HER2 has been associated with breast, ovarian 
gastric, lung, pancreas and bladder cancer. The PDGF-R has 
been associated with glioblastoma, lung, ovarian, melanoma 

30 w^hT f *' "" RTK ^ ha& b6en «—»"Y associated 
^^^^nesis and thus hepatocellular carcinoma. 
Additionally, c-met has been linked to malignant tumor 
formation. More specifically, the RTK c-met has been 
associated with, among other cancers, colorectal, thyroid 

3, ^ ;^ gaStric — inoma, leukemia and lymphoma. 

Z?JZ T< Y ' ^-^^ «* the c-iet gene has been 

ttTZ , PatientS Wlth Hod 9kins-disease-,-Burkitts disease, 
and the lymphoma cell line. 
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The IGF-IR, in addition to being implicated in 
nutritional support and in type-Il diabetes, has also been 
associated with several types of cancers. For example, IGF-I 
has been implicated as an autocrine growth stimulator for 
5 several tumor types, e.g. human breast cancer carcinoma cells 
(Arteaga et al., 1989, J. Clin. Invest. 84:1418-1423) and 
small lung tumor cells (Macauley et al., 1990, Cancer Res. 
50:2511-2517). In addition, IGF-I, integrally involved in 
the normal growth and differentiation of the nervous system, 
10 appears to be an autocrine stimulator of human gliomas. 
Sandberg-Nordgvist et al., 1993, Cancer Res. 53:2475-2478. 
The importance of the IGF-IR and its ligands in cell 
proliferation is further supported by the fact that many cell 
types in culture (fibroblasts, epithelial cells, smooth 
15 muscle cells, T-lymphocytes, myeloid cells, chondrocytes, 
osteoblasts, the stem cells of the bone marrow) are 
stimulated to grow by IGF-I. Goldring and Goldring, 1991, 
*u*aryotic Gene Expression 1:301-326. In a series of recent 
publications, Baserga even suggests that IGF-I-R plays a 
20 central role in the mechanisms of transformation and, as 
such, could be a preferred target for therapeutic 
interventions for a broad spectrum of human malignancies. 
Baserga, 1995, Cancer Res. 55:249-252; Baserga, 1994, Cell 
79: 927-930; Coppola et al., 1994, tfol. Cell. Biol. 14:4588- 
25 4595. 

The association between abnormalities in RTKs and 
disease are not restricted to cancer, however. For example, 
RTKs have been associated with metabolic diseases like 
psoriasis, diabetes mellitus, wound healing, inflammation, 

30 and neurodegenerative diseases. For example, the EGF-R is 
indicated- in corneal and dermal wound healing. Defects in 
the Insulin-R and the IGF-IR are indicated in type-Il 
diabetes mellitus. A more complete correlation between 
specific RTKs and their therapeutic indications is set forth 

35 in Plowman et al., 1994, DN&P 7:334-339. 

Hot only receptor type tyrosine kinases, but also many 
cellular tyrosine kinases (CTKs) including src, abl, fps, 
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Yes, fyn, lyn, Ick, blk, hck, fgr, yrk (reviewed by Bolen et 
al., 1992, FASEB J. *: 3403-3409) are involved in the 
proliferative and metabolic signal transduction pathway and 

5 mutaUd lnd T l0nS ° f ^ PreS6nt inV6nti0n - F ° r 

(ppsovlw (V : Sr v C> b6en dea ° nStrated - - oncoprotein 
(PP60 ) ln chicken. Moreover, its cellular homolog the 

proto-oncogene p P 60~" transmits oncogenic signals of many 

receptors. For example, overexpression of egf-r or HER2 /neu 

xn tumors leads to the constitutive activation of pp 60 ~~ 

frol th 18 CharaCteriStic for «« -lignant cell but absent' 
from the normal cell, on the other hand, mice deficient for 
the expression of c-src exhibit an osteopetrotic phenotype, 
indicating a key participation of c-src in osteoclast 

15 S^fT ^ 3 P ° SSible inVOlVement in -lated disorders. 
15 Similarly, Zap 70 is implicated in T-cell signalling. 

Furthermore, the identification of CTK modulating 
compounds to augment or even synergize with RTK aimed 
blockers is an aspect of the present invention. 

Pina11 *' b °th RTKs and non-receptor type kinases have ' 
20 been connected to hyperimmune disorders. 

4 * 5 - ISSsS^Sn POrfflUlatl ° nS ^ Routes of 
Th \ COmpounds ascribed herein can be administered to a 

TTs iZT£ r S V ° r " ^positions where 

25 it is mixed with suitable carriers or excipient(s) . 

Techniques for formulation and administration of the 
compounds of the instant application may be found in 
"Remington's Pharmaceutical Sciences," Mack Publishing Co., 
Easton, pa, latest edition. ' 
30 4.5.1. Routes of Administration. 

inclJ! 11 * 1 ? 8 ° f adaini8teat *°n »*y, for example, 

include oral, rectal, transmural, or intestinal 

~ Strati ° n ; Parenteral d6liVery ' includin 9 intramuscular, 
subcutaneous, intramedullary injections, as well as 

35 intrathecal, direct intraventricular, intravenous, 

intraperitoneal, intranasal^, or intraocular injections. 
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Alternately, one may administer the compound in a local 
rather than systemic manner, for example, via injection of 
the compound directly into a solid tumor, often in a depot or 
sustained release formulation. 
5 Furthermore, one may administer the drug in a targeted 

drug delivery system, for example, in a liposome coated with 
tumor-specific antibody. The liposomes will be targeted to 
and taken up selectively by the tumor. 

4.5.2. composition/Formulation. 
10 The pharmaceutical compositions of the present invention 

may be manufactured in a manner that is itself known, e.g., 
by means of conventional mixing, dissolving, granulating, 
dragee-making, levigating, emulsifying, encapsulating, 
entrapping or lyophilizing processes. 
15 Pharmaceutical compositions for use in accordance with 

the present invention thus may be formulated in conventional 
manner using one or more physiologically acceptable carriers 
comprising excipients and auxiliaries which facilitate 
processing of the active compounds into preparations which 
20 can be used pharmaceutically. Proper formulation is 
dependent upon the route of administration chosen. 

For injection, the agents of the invention may be 
formulated in aqueous solutions, preferably in 
physiologically compatible buffers such as Hanks 's solution, 
25 Ringer's solution, or physiological saline buffer. For 
transmucosal administration, penetrants appropriate to the 
barrier to be permeated are used in the formulation. Such 
penetrants are generally known in the art. 

For oral administration, the'compounds~ can be formulated 
30 readily by rcombining the active compounds with 

Pharmaceutically acceptable carriers "well known in the art. 
Such carriers enable the compounds of the invention to be 
formulated as tablets, pills, dragees, capsules, liquids, 
gels,, syrups> slurries, suspensions anrfthe like, for oral 
35 .^S^ 00 **** patient, to be treated. " Pharmaceutical 
preparations for oral use can be obtained solid excipient, 
°P* ion ally grinding a resulting* m^xture'l and processing the 

• • ' •• ^ ■ - 25 - 
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mixture of granules, after adding suitable auxiliaries if 
desired, to obtain tablets or dragee cores, suitable ' 
excipients are, in particular, fillers such as sugars 
^eluding lactose, sucrose, mannitol, or sorbitol; cellulose 
5 preparations such as, for example, Maize starch, wheat 
starch, rice starch, potato starch, gelatin, gum tragacanth 
methyl cellulose, hydroxvpropylmethyl-celluLsT SST 
carboxymethylcellulose, and/or polyvinylpyrrolidone (PVP) 
If desired, disintegrating agents may be added, such as the 

T\\ P ° lyVinyl W 1 ""—. or alginic acid or 

a salt thereof such as sodium alginate. 

Dragee cores are provided with suitable coatings. For 
this purpose, concentrated sugar solutions may be used, which 
may optionally contain gum arable, talc, polyvinyl 
« pyrrolidone, carbopol gel, polyethylene glycol, and/or 
titanium dioxide, lacouer solutions, and suitable organic 
solvents or solvent mixtures. Dyestuffs or pigments may be 
added to the tablets or dragee coatings for identification^ 
,0 dLT di " erent « -mpound ' 



Pharmaceutical preparations which can be used orally 
include push-fit capsules made of gelatin, as well as soft 
sealed capsules made of gelatin and a plasticizer, such as 
glycerol or sorbitol The push-fit capsules can contain L 
« active ingredients in admixture with filler such as lactosT 
binders such as starches, ^« lubrlcants euc „ t £°= e < 
magnesium st.ar.te and, optionally, stabilizers, m soft 
capsules, the active compounds may be dissolved or suspended 
in suitable lipids, such as fatty oils, llga i 4 paraff t 0 r 

^ ^ff yle " e • - addition, stabilisers 1 : y L 

•Med. AU formulations for oral administration should be in 
dosages suitable for such administration. 

form o^rf aaBlnlsttati <»>.«» composition, may tax. the 
for. of tablets or lozenges f ovulated- in conventional 



35 manner. 



For administration by inhalation, th. compounds for use 
according to the preset invention are conveniently delivered 
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in the form of an aerosol spray presentation from pressurized 
packs or a nebuliser, with the use of a suitable propellant, 
e.g. , dichlorodif luoromethane, trichlorof luoromethane, 
dichlorotetraf luoroethane, carbon dioxide or other suitable 
5 gas. In the case of a pressurized aerosol the dosage unit 
may be determined by providing a valve to deliver a metered 
amount. Capsules and cartridges of e.g. gelatin for use in 
an inhaler or insufflator may be formulated containing a 
powder mix of the compound and a suitable powder base such as 

10 lactose or starch. 

The compounds may be formulated for parenteral 
administration by injection, e.g., by bolus injection or 
continuous infusion. Formulations for injection may be 
presented in unit dosage form, e.g., in ampoules or in multi- 

15 dose containers, with an added preservative. The 

compositions may take such forms as suspensions, solutions or 
emulsions in oily or aqueous vehicles, and may contain 
formulatory agents such as suspending, stabilizing and/or 
dispersing agents. 

20 Pharmaceutical formulations for parenteral 

administration include aqueous solutions of the active 
compounds in water-soluble form. Additionally, suspensions 
of the active compounds may be prepared as appropriate oily 
injection suspensions. Suitable lipophilic solvents or 

25 vehicles include fatty oils such as sesame oil, or synthetic 
fatty acid esters, such as ethyl oleate or triglycerides, or 
liposomes. Aqueous injection suspensions may contain 
substances which increase the viscosity of the suspension, 
such as sodium carboxymethyl cellulose, sorbitol, or dextran. 

30 Optionally, the suspension may also contain suitable 

stabilizers or agents which, increase the solubility of the 
compounds to allow for the preparation of highly concentrated 
solutions. 

Alternatively, the active ingredient may be in powder 
35 form for constitution with a suitable vehicle, e.g., sterile 
pyrogen-free water, before use. 
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The compounds may also be formulated in rectal 
compositions such as suppositories or retention enemas, e a 
containing conventional suppository bases such as cocoa 
butter or other glycerides. 
5 in addition to the formulations described previously 

the compounds may also be formulated as a depot preparation 
Such long acting formulations may be administered by 
implantation (for example subcutaneous ly or intramuscularly, 
or by intramuscular injection. Thus, for example, the 
10 compounds may be formulated with suitable polymeric or 
hydrophobic materials (for example as an emulsion in an 
acceptable oil, or ion exchange resins, or as sparingly 
soluble derivatives, for example, as a sparingly solute 

" of Pharn " CeUtiCal Carrier ^e hydrophobic compounds 
of the invention is a cosolvent system comprising benzyl 
alcohol, a nonpolar surfactant, a vater-miscible organic 

11 ^n' aqUe ° US PhaSe * ^ solvent system may be 

the VPD co-solvent system. VPD is a solution of 3% w/v ' 

20 benzyl alcohol, 8% w/v of the nonpolar surfactant polysorbate 
80 and 65% w/v polyethylene glycol 300, made up to vo W L 
absolute ethanol. The VPD co-solvent system (VPD:5W, - 
consists of VPD diluted i:i with a 5% dextrose in water 
solution. This co-solvent system dissolves hydrophobic 

25 compounds well, and itself produces low toxicity upon 

ZtZt C ad ! iniStrati0n * NatUrall *< P-portions of a co- 
solvent system may be varied considerably without destroying 
its solubiiity„and toxicity characteristics. Furthermore 
the identity of the co-solvent components may be varied- for 
30 example, other low-toxicity nonpolar surfactants m" be used 
instead of polysorbate 80; the fraction size of polyethyle^ 
glycol may be varied; other biocompatible polymers 
replace polyethylene glycol, e. y . polyvinyl p^J^. ^ 

35 Al^r POlySacch - ides -Y substitute for depose. 

» h Alt ^tively, other delivery systems for hydrophobic 
Pharmaceutical compounds may be employed. Liposomes and 
emulsions are well known examples of delivery vehicles or 
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carriers for hydrophobic drugs. Certain organic solvents 
such as dimethylsulf oxide also may be employed, although 
usually at the cost of greater toxicity . Additionally, the 
compounds may be delivered using a sustained-release system, 
5 such as semipermeable matrices of solid hydrophobic polymers 
containing the therapeutic agent. Various of sustained- 
release materials have been established and are well known by 
those skilled in the art. Sustained-release capsules may, 
depending on their chemical nature, release the compounds for 
10 a few weeks up to over 100 days. Depending on the chemical 
nature and the biological stability of the therapeutic 
reagent, additional strategies for protein stabilization may 
be employed. 

The pharmaceutical compositions also may comprise 

15 suitable solid or gel phase carriers or excipients. Examples 
of such carriers or excipients include but are not limited to 
calcium carbonate, calcium phosphate, various sugars, 
starches, cellulose derivatives, gelatin, and polymers such 
as polyethylene glycols. 

20 Many of the PTK modulating compounds of the invention , 

may be provided as salts with pharmaceutically compatible • 
counterions. Pharmaceutically compatible salts may be formed 
with many acids, including but not limited to hydrochloric, 
sulfuric, acetic, lactic, tartaric, malic, succinic, etc. 

25 Salts tend to be more soluble in aqueous or other protonic 
solvents that are the corresponding free base forms. 
4.5.3. Effective Dosage. 
Pharmaceutical compositions suitable for use in the 
present invention include compositions wherein the active 

30 ingredients are contained in an amount effective to achieve 
its intended purpose. . More specifically, a therapeutically 
effective amount means an amount of compound effective to 
prevent, alleviate or ameliorate symptoms of disease or 
prolong the survival of the subject being treated. 

35 Determination of a therapeutically effective amount is well 
within the capability of those skilled; in the art, especially 
in light of" the detailed disclosure, provided- herein. 
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For any compound used in the methods of the invention 
the therapeutical effective dose can be estimateT'lt^lv 
from cell culture assays. F or example, a dose can b T * 
formulated in animal models to achieve a circulating 
5 ooncentration range that includes the IC„ as determined in 

which , h ' ' ^ < ™«"on «* the test compound 
which achxeves a half-maximal inhibition of the ptk 
activity, . such information can be used to more accurat.lv 
determine useful doses in humans. accurately 

10 Toxicity and therapeutic efficacy of the compounds 

for determining the (th e dose lethal to 50* of ihe 

XS Z'Tol 71"" <the *~ P-ticau; ef^ctive 

l " 5 °* o£ 4,16 Population) . The dose ratio between toxi= „ 
therapeutic effects is the therapeutic in^ZlZT^ 
expressed as the ratio between in ~, 
ri bit high therapeutic li^S^^^T 1 * 

20 can be used in formulating a range of dosage for use 

h«»n. The dosage of such compounds lies preferably within a 

depending upon the^ore!:^ ^ 'of""' 

ge rir^r^ 

Pbysician i„ view of the patient's condition. Z 
F*n S l et a!-,, 1975, i„ -The Pharmacological Basis of 
Therapeutics"-, ch. l p.i). 

30 Dosage amount and interval may be adjusted individuals 
to provide pl„ma levels of the active moiety which JT * 
sufficient to Maintain the Kinase mediating effects, or 
-lni«l effective concentration (HEC) . The HEC wm " for 
«ch compound but can be estimated fro. in vitro d^T/ 

ttexin^e using the assays described herein. Usages 
necessary to achieve the HEC will depend on individ!" 
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characteristics and route of administration. However, HPLC 
assays or bioassays can be used to determine plasma 
concentrations. 

Dosage intervals can also be determined using MEC value. 
5 Compounds should be administered using a regimen which 

maintains plasma levels above the MEC for 10-90% of the time, 
preferably between 30-90% and most preferably between 50-90%. 

In cases of local administration or selective uptake, 
the effective local concentration of the drug may not be 
10 related to plasma concentration. 

The amount of composition administered will, of course, 
be dependent on the subject being treated, on the subject's 
weight, the severity of the affliction, the manner of 
administration and the judgment of the prescribing physician. 
15 4.5.4. Packaging 

The compositions may, if desired, be presented in a pack 
or dispenser device which may contain one or more unit dosage 
forms containing the active ingredient. The pack may for 
example comprise metal or plastic foil, such as a blister 
20 pack. The pack or dispenser device may be accompanied by 
instructions for administration. Compositions comprising a 
compound of the invention formulated in a compatible 
pharmaceutical carrier may also be prepared, placed in an 
appropriate container, and labelled for treatment of an 
25 indicated condition. Suitable conditions indicated on the 
label may include treatment of a tumor, inhibition of 
angiogenesis, treatment of fibrosis, diabetes, and the like. 

5* EXAMPLE: Compound Synthesis 
30 The compounds of the present invention may be 

synthesized according to known techniques. The following 
represent preferred methods for synthesizing the compounds of 
the claimed invention. 



35 



5.1. General Syntheses of 3-Substituted-2-Xndolinone 
Analogs (SU4312 and SU4314 Analogs) 
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The following general methodologies were used to 
synthesize 3-substituted-2-indolinone compounds of the 

invention. 

5.1.1. Method A 

5 • , , • A reaCtlon * ixture of tl» proper oxindole (2- 
uidolinon.) (i equiv.), the appropriate aldehyde (i 2 
equiv.) and piperidine (0.1 equiv.) in ethanol (i 2 ^ , 1 
mmol oxindole) was stirred at 90-c for 3 - 5 h. After 
cooling, the precipitate was filtered, washed with cold 
10 ethanol, and dried to yield the target compound. 

5.1.2. Method B 

*..etie» 'f^"" 100 °' "4.11,4.3 via vilsmeier 

*.«etlon. to a solution of H, x-dimethylf ormamia. (1.2 

« equiv ) ln 1,2-dichloroethane (2.0 mL / i. 0 maol . of startina 
material, was add*, dropwise phosphorus oxycblorldf,! 2 ' 
•qviv.) at 0-c. The ic-bath was removed and the region 
mixture was further stirred for 30 min. Th. proper S J~" 
ferial <l.o eguiv.) ma adaed to ^ ^ Lu^on ^ 

2. portionwxse and th. reaction mixture was stirred at 50-70-c 
coL ^ "J- toy !" reaCtl ° n " 1XtUre "« PO^ea into ice- 

tt. relit?"" I * r ° Xi " SOlUtl ° n <PH ' 9 aft » -tata « and 
the resulting mxxture was stirred at room temperature for i 

. n. The organic layer was separated and the aqueous layj L 
25 extracted with ethyl acetate. The coined organic lay- Z 
washed with brine until bh - n — < * "^anic layer was 

. 111 ' over anhydrous sodium 

sulfate and evaporated. The residue was chromatographed on a 
silica gel column eiutin, with a solvent mixture « 1*2° 
acetate andhexane to afford the title co^K>und. 

, ' Sl " tl,,sl " for '"«>"atituted-2-lnaolinone ana lo gs 

faction mixture of the proper oxindole V-irtoiiJ^l 
equiv.) the appropriate aldehyd. (1.2 eguiv.,, and 

2fff- c - -1 * quiv - ) 10 ettano1 (1 " 2 / » 

oxind.!. was. s tirr«. at ,0-c for 3 :. s h . Mt „ c 

2i fUterea ' — «* *«* <=°" ethanol 

dried to yi.ld the target compound. 
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5.2. Synthesis Of 3-Benzylidene-2-Indolinone (6U4928) 

The preferred method for synthesizing 3- 
benzylidene-2-indolinone is as follows: Added 123.2 jxl of 
benzaldehyde and 40 fil of piperidine to a solution of 137.0 
5 mg of oxindole in 2.0 ml methanol. Reflux the reaction 
mixtured for 3 hours and cool down the mixture in an ice- 
water bath. Filter the resulting precipitate, wash with cold 
methanol and dry in an oven at 40 °C overnight. Approximately 
129.0 mg of the compound was obtained using such protocol. 



5.3. Synthesis Of 3-[ (Pyrid-4-yl) 
methylene] -2-indolinone (SU5212) 

The preferred method for synthesizing 3-[(Pyrid-4- 
15 yl) methylene] -2-indolinone as follows: Add 117.0 fil of 4- 
pyridinecarboxaldehyde and 40 /xl of piperidine to a solution 
of 138.0 mg of oxindole in 2.0 ml methanol. The reaction 
mixture was ref luxed for 3 hours and cooled down in an ice- 
water bath. The resulting precipitate was filtered, washed 
20 with cold methanol and dried in an oven at 40°C overnight to 
give 134.5 mg of the compound. 

5.4. Synthesis of 3-[4-(morpholin-4-yl)benzylidenyll-2- 
indolinone (SU4981) (Method B) : 

4- (Morpholin-4-yl) benzaldehyde. To a solution of 15 mL 

of N,N-dimethylformamide in 50 mL of 1,2-dichloroethane was 

added dropwise 10 mL of phosphorus oxychloride at 0°C. The 

ice-bath was removed and the reaction mixture was further 

stirred for 30 min.,^ 4-Phenylmorpholine (16.3 g) was added to 

the above solution portionwise and the reaction mixture was 

ref luxed for 2 days. Triethylamine (2.5 mL) was added to the 

above reaction mixture and the reaction was ref luxed for 2 

day. The reaction mixture was poured into ice-cold IN sodium 

hydroxide solution (pH « 9 after mixing) and the resulting 

mixture was stirred at room temperature for 1 h . The organic 

layer was separated and the aqueous layer was 'extracted with 

2 x 20 mL of dichloromethane. The combined organic layer was 



25 



30 
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washed with brine until P H = 7, dried over anhydrous sodiuia 
sulfate and evaporated. The residue was separated on a 
silica gel column eluting with a solvent mixture of ethyl 
acetate and hexane to afford 12.95 g (68%) of the title 
5 compound as a white solid. 

3-[4-{Morpholin-4-yl)ben Z ylidenyl]- 2 -indolinone 
(SU4981). a reaction mixture of 6.66 g of oxindole, 11.50 g 
of the 4-(morpholine-4-yl)ben 2 aldehyde, and 5 mL of 
piperidine in 50 mL of ethanol was stirred at 90-c for 5 h 
10 After cooling, the precipitate was filtered, washed with co W 
ethanol, and dried to yield 15.0 g (98%) of the title 
compound as a yellow solid. 



S.s. synthesis of 3-[4-(4-Foraylpipera 2 in-i- 
15 y^^Ylidenylj-a-indolinoL (80498^ (Method B) • 

4-(4-Ponttylpi P erazin-i-yi,ben 2 aldehyde. To a solution 
of 3.9 mL (30 mmoles) of N,N-dimethylformaaide in 20 mL of 
1,2-dichloroethane was added dropwise 3.0 mL (3.9 mmoles) of 
Phosphorus oxychloride at 0-c. The ice-bath was removed and 
20 the reaction mixture was further stirred for 15 min 1- 
Phenylpiperazine (I6.0 g, 10 mmoles) was added to the above 
solution portionwise and the reaction mixture was stirred at 
50 c for 1 h. The reaction mixture was poured into ice-cold 
IN sodium hydroxide solution and stirred at room temperature 
25 for 1 h. The organic layer was separated and the aqueous 
layer was extracted with 2 x 20 mL of ethyl acetate. The 
combined organic layer was washed with brine until pH = 7 
dried over anhydrous sodium sulfate and evaporated. The ' 
residue was separated oh a silica gel column eluting with a 

30 ^ ^ ° £ ethyl aCetate and hexan « *° afford *•<> * (41%) of 
the title compound a light yellow solid. 

, *7f 4 ~ (4 ~ POTylpiperaa ^^^ 

I81F49M, ..Auction mixture of 133.15 mg of oxindole, 228.3 
»g of 4-(pipera Z in-iyi )benzal(Jehydef ^ 3 Qf . 

35 Piperidine, in 2,mL of ethanol was stirred at 90-0 for 5 h 
After cooling, the precipitate wak filtered, washed with cold 
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ethanol and dried to yield 199.5 mg (65%) of the title 
compound a yellow solid. 

5.6. Synthesis of 3-[4-{Piperidin-l-yl)benzylidenyll-2- 
5 indolxnone (SU5450) (Method B) . 

4-(Piperidin-l-yl)benzaldehyde. To a solution of 2.3 mL 
(30 mmoles) of N,N-dimethylformamide in 10 mL of 1,2- 
dichloroethane was added dropwise 2.8 mL (30 mmoles) of 
phosphorus oxychloride at O'C. The ice-bath was removed and 

10 rea <=tion mixture was stirred for 15 min. l- 

Phenylpiperidine (3.2 mL, 20 mmoles) was added to the above 
solution portionwise and the reaction mixture was ref luxed 
overnight. The reaction mixture was poured into ice-cold 2N 
sodium hydroxide solution and stirred at room temperature for 

15 1 h. The organic layer was separated and the aqueous layer 
was extracted with 2 x 20 mL of ethyl acetate. The combined 
organic layer was washed with brine until pH - 7, dried over 
anhydrous sodium sulfate and evaporated. The residue was 
separated on a silica gel column eluting with ethyl acetate 

20 and hexane to afford 1.5 g (40%) of the title compound as a , 
white solid. 

3-[4-(Piperidin-l-yl)benzylidenyl]-2-indolinone 
(SU5450). A reaction mixture of 134.0 mg of oxindole, 226.8 
g of 4-(piperidine-l-yl)benzaldehyde, and 3 drops of 
25 piperidine in 2 mL of ethanol was stirred at 90 °C for 5 h. 
After cooling, the precipitate was filtered, washed with cold 
ethanol, and dried to yield 268.5 mg (88%) of the title 
compound as a yellow solid. 

30 5.7. synthesis of 3-[2-Chloro-4-»ethoxybenzylidenyli-2- 

indolinone (SU5480). 1 

2-Cnloro-4-methoxybenzaldehyde. The reaction mixture of 
,1.0 g (6.4 mmoles) of 2-chloro-4-hydroxybenzaldehyde, 4.4 g 
(32 mmoles) of potassium carbonate, and 1.4 g (9.6 mmoles) of 
methyl iodide in 10 mL of N,N-dimethylformamide was stirred 
at„70»C for 2 h and poured into ice water. The precipitate 
was filtered/ washed with water, and^ dried at 40»C in vacuum 
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over, overnight to yield 750 „g (<M) o£ the title compound as 
a light pink solid. 

3-[2-Chloro-4-methoxyben 2 ylidenyl]-2-iadolinone 
(SU5480). The reaction mixture of 487.9 mg (3.7 mmoles) of 
5 oxindole, 750 mg (4.3 mmoles) of 2-chloro-4- 
aethoxybenzaldehyde and 4 drops of piperidine in 5 mL of 
ethanol was heated to 90«c for 2 h and cooled to room 
temperature. The yellow precipitate was filtered, washed 
with cold ethanol, and dried at 40»C in a vacuum oven 
10 overnight to give 680.2 mg (62%) of the title compound. 

A reaction mixture of 133.0 mg of oxindole, 151.2 mg of 
15 the 4-methylthiophene-2-carboxaldehyde, and 3 drops of 
pxperidine in 3 mL of ethanol was stirred at 90«c for 3 h 
After cooling, the precipitate was filtered, washed with cold 
ethanol, and dried to yield 147.3 mg (61%, of the title 
compound as a yellow solid. 

20 

A reaction mixture of 133.0 mg of oxindole, 130.9 mg of 
the 3-methylpyrrole-2-carboxaldehyde, and 3 drops of 
i5 pxperidine in 2 mL of ethanol was stirred at 90<>c for 3 h 
After cooling, the precipitate was filtered, washed with cold 
ethanol, and dried to yield 150.9 mg (67%, of the title 
compound as a yellow solid, 

30 5 " 10 ' Sf?? 1 ?;*? of 3 -t<*,4-Di*ethylpvrrol-2- 

y 1 > ttet Wene]-2-indolinone (SU5406) 

^*h 3 ^ ( Y~ Di * e ^ YlPWOl ~^ was 

as a ro 4 - aethylp y rrol - 3 -««^late. A solution of 11.86 

35 g o i moles, of ethyl crotonate and' 19.50 g <*! moles, of 
p-toluenesulfonylaethylisocyanide in 500 mL of a 2-1 
ether/dimethyisulf oxide was added dropwise into a suspension 
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of 6,8 g of sodium hydride (60% mineral oil dispension, 0.17 
moles) in ether at room temperature. Upon completion of 
addition the reaction mixture was stirred for 30 min and 
dilute with 400 mL of water. The aqueous layer was extracted 
5 with 3x100 mL of ether. The combined ether extracts were 
passed through a column of alumina eluting with 
dichloromethane . The organic solvent was evaporated and the 
resulting residue was solidified on standing. The solid was 
washed with hexane and dried at 40 °C in vacuum oven overnight 

10 to yield 12.38 g (80%) of the title compound. 

Preparation of 3,4-Dimethylpyrrole. To a solution of 23 
g (80 mmoles) of sodium dihydrobis(2-methoxyehtoxy aluminate) 
was added dropwise of a solution of 5 g (34 mmoles) of ethyl 
4-methylpyrrol-3-carboxylate in 50 mL of benzene at room 

15 temperature under nitrogen atmosphere. The reaction mixture 
was stirred for 18 h. Water (100 mL) was added to the 
reaction mixture. The organic layer was separated, washed 
with brine and dried over anhydrous sodium sulfate. The 
solvent was removed and the residue was distilled giving 1.2 

20 g (44%) of the title compound. 

Preparation of 3, 4-Dimethylpyrrole-2-carboxaldehyde. To 
a solution of 0.92 mL (12 mmoles) of N,N-dimethylformamide in 
10 mL of 1,2-dichloroethane was added dropwise 1.0 mL (12 
mmoles) of phosphorus oxychloride at 0°C. The ice-bath was 

25 removed and the reaction mixture was further stirred for 30 
min. 3,4-Dimethylpyrrole (960.0 mg, 10 mmoles) was added to 
the above solution portionwise and the reaction mixture was 
stirred at 50°C for 5 h. The reaction mixture was poured 
into ice-cold IN sodium hydroxide solution (pH = 9 after 

30 mixing) and the resulting mixture was stirred at room 

temperature for 1 h. The organic layer was separated and the 
aqueous layer was extracted with ethyl acetate. The combined 
organic layer was washed with brine until pH » 7, dried over 
anhydrous sodium sulfate and evaporated. The residue was 

35 chromatographed on a silica gel column eluting with a solvent 
mixture of ethyl acetate and hexane to afford 610 mg (50%) of 
the- title- compound. 
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<s,5 4 «r 3 'r otaethYi,, ^ oi " 2 " yi,Bat,,yionoi - 2 - iM °"»<'« 

oxindole, 73.0 - 9 ,„.« »oles) of the 3,4^i M thylpyrrole- 2 
(37%, of the title compound as . yellowed 



5.11. 



Synthesis of 3-[( 2/ 4-Diaethyl-3- 

A reaction mixture of n ^ 

» 1 COOUn9 ' toe P« c iPitate was filtered 

washed with cold ethanol, and dried to yield *44.e ,™ 
of the title compound as a yellow solid. ' 

S '"' v??^ 1 ? of 3 -t«'3-Di..thylpyrr.l-s- 
^'■"""rleneJ^-indoUjione (sosii?) 

25 compound as a yellow solid. 

, . etnanoi was stirred at 90*c for i k 

8 to y le ld 246.6 mg (90%) of the Hfi a 
compound as a orange solid. „ 6 



35 

5.14. 



vlfi^^f ° £ 3 -na.rMethyljthien-5- 
yl)nethylene]-2-iadolin3ne <s5 5 424) 
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A reaction mixture of 134.0 mg of oxindole, 151.42 mg of 
the 5-methylthiophene-2-carboxaldehyde, and 3 drops of 
piper idine in 2 mL of ethanol was stirred at 90 °C for 3 h. 
After cooling, the precipitate was filtered, washed with cold 
5 ethanol, and dried to yield 237.8 mg (99%) of the title 
compound as a yellow solid. 



5.15. Synthesis of 3-[ (3-Methylthien-2- 
yl) methylene] -2 -indolinone (SU5427 ) 

10 A reaction mixture of 134.0 mg of oxindole, 151.4 mg of 

the 3-methylthiophene-2-carboxaldehyde, and 3 drops of 
piper idine in 2 mL of ethanol was stirred at 90 °C for 3 h. 
After cooling, the precipitate was filtered, washed with cold 
ethanol, and dried to yield 157.8 mg (65%) of the title 

15 compound as a yellow solid. 

5.16. Synthesis of 3-(2,5-Dimethoxybenzylidenyl)-2- 
indolinone (SU4793) 

3- (2 , 5-Dimethoxybenzylidenyl) -2-indolinone is 
synthesized according to Method A. 



20 



25 



5.17. Synthesis of 3-<2,3-dimethoxybenzylidenyl)-2« 
indolinone (SU4794) 

3- (2 , 3-dimethoxybenzylidenyl) -2-indolinone is 
synthesized according to Method A. 

5.18. Synthesis of 3- (3-bromo-6- 
methoxybenzylidenyl) -2-indolinone (SD4796) 

3- (3-bromo-6-methoxybenzylidenyl) -2-indolinone is 
synthesized- according to Method A. 

30 

5.19. Synthesis of 3 - [ 4 - ( 4 - t-buty lcarbony 1- 
piperaain-i-yl) benzylidenyl] -2-indolinon© 
(SU5393) 

3-[4- (4-t-butylcarbonyl-piperazin-l-yl) benzylidenyl] -2- 
indolinone is synthesized according to Method B. 

35 * ~ . 

5.20. Synthesis of 3- [ (fur an-2-yl) methylene] -2- 
indolinone (SU4798) 
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acco 'T^^^-^^^-^^-indolinone is synthesized 
according to Method A. 

5 5 ' 21, fSSJXoVfs^^ 

3-(4-aceta n idoben 2 ylidenyl)-2-indo 1 inone is synthesized 
according to Method A. . syncnesized 

5.22. Synthesis of 3- (2-chloro-4- 

10 ^^enzylidenyD^-indoiinone (SU4932) 

^.K 3 ^ (2 T 10r °" 4 ' hydrOXybenZylidenyl) - 2 - indol inone is 
synthesized according to Method A. 



fSSS™.°^, 4 2 T 0,, ' , *"" 12yli ' 1, ' ,,irl> - i! - 



5.23. 

IS 3 : (4-Bro m obenzylidenyl)- 2 -indolinone is synthesized 

according to Method A. 

5.24. 



20 3 " (4 - Acet y lami nobenzylidenyl)- 2 -indolinone is 

synthesized according to Method A. 



5.25. 



" ,=o ': (2 " MethOXylJenzyU ' ie »l' 1 )-2-in-iolino„e is synthesis 

accord inrr *-n Mofi.^ » " 



according to Method A. 
5.26. 



so synthesized according to Method A. 



5.27. 



ssss&s %- D : 3 "L i r ethylMiiaobenssyiidenyi) 

3-(4-Di ffl ethylaiainobenzylidenyl)-2-indolinone is 
3S available froa Maybridge Chemical C o. Ltd. 



- 40 - 



WO 96/40116 



PCT/US96/08903 



5.28. Synthesis of 3-(4-Bromobenzylidenyl)-i- me thyl- 
2-xndolmone (SD4956) * 

3- (4-Bromobenzylidenyl) -l-methyl-2-indolinone is 
synthesized according to Method A. 

5 

5.29. Synthesis of 5-Chloro-3-(4- 
^e^yJ- am "obenzylidenyl)-2-indolinone 

5-Chloro-3- (4-dimethylaminobenzylidenyl) -2-indolinone is 
synthesized according to Method A, 

10 

5.30. ^thesis of 3-.(4-Broaoben Z ylidenyl)-5-chloro- 
2-xndolinone (SU4972) ro 

3- (4-Bromobenzylidenyl) -5-chloro-2-indolinone is 
synthesized according to Method A. 

15 

3- (4-Diethylaminobenzylidenyl) -2-indolinone is 
synthesized according to Method A. 

20 

5.32. Synthesis of 3- (4-Di-n- 

butylaminobenzylidenyl) -2-indolinone (8U4979) 

3- (4-Di-n-butylaninobenzylidenyl) -2-indolinone is 
synthesized according to Method A. 

25 5 * 33 * Synthesis of l-Methyl-3-[4-(aorpholin-4- 

yl)benzylidenyl]-2-indolinone (8U4982) 

l-Methyl-3-[4-(norpholin-4-yl)benzylidenyl]-2-indolinone 
is synthesized according to Method B. 

30 5.34*, - synthesis of 5-chloro-3- (4- (morpholine-4- 

. „ yDbenaylidenyl) -2-indolinone (SU4983) 
5-Chloro-3- (4- (morpholine-4-yl) benzylidenyl) -2- 
indolinone is synthesized according to Method B. 

3-(3 / 4-Dichlorobenzylidenyl)-2-indoiinone is synthesized 
according to Method A. 
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5.36. synthesis of 3-<2-Ethoxybenzylidenyli-2- 
xndolinone (SU5204) 

3- (2-Ethoxybenzylidenyl] -2-indolinone is synthesized 
according to Method A. 



5.37. 



synthesis of 3-(4-Fluorobenzylidenyl)-2- 
mdolinone (SU5205) 

3-(4-Fluorobenzylidenyl)-2-indolinone is synthesized 
according to Method A. 



10 5.38. 



Synthesis of 3-[ (Thien-2-yl)methylene]-2- 
indolinone (SU5208) jr*™«j <: 

3- [ (Thien-2-yl) methylene] -2-indolinone is synthesized 
according to Method A. 



15 5.39. 



synthesis of 3-<2-Methoxybenzylidenyl)-2- 
indolinone (SU5214) 

3- (2-Methoxybenzylidenyl) -2-indolinone is synthesized 
according to Method A. 

20 5.40, Synthesis of 3-[2-[3,5-Di- 

f-^oSno^ 
3 " t2- [ 3 , 5-Di- (trif luoromethyl) phenyl] f uran-5- 
yl]methylene]-2 -indolinone is synthesized according to 
Method A. 



Method A 

25. 



5.41.- fy?** 6 ?} 3 °* 2,6-Di-<diaethylamillo)-3,5-di- 
C(iadolin-2-one-3-yHdenyl)iot hyli- 
phenylcyanide (SU5218) 

2 ' 6 ??f 7 < d i»ethylanino) -3 , 5-di- [ (indolin-2-one-3- 
3o ylidenyl)aet hyl] -phenylcyanide is synthesized according to 
Method JU .;„*. - 



5.42. 



synthesis of 3-[ ( 3 -(2-carboxyethyl) -4- 
^J h JJPy--«»l-S-yl)«othyleiiej-2-indo linone 

35 ' . 3 " t(3 "/ 2 ~ carbo ^ ett y 1 )-4-iaethylpyrfol-5-yl)methyl^^^^ 
indo linone is synthesized according to Method a j . - 



WO 96/40116 



PCT/US96/08903 



5.43. synthesis of 3-[ <3,4-Dibromo-5-methylpyrrol-2« 
yl) methylene] -2-indolinone (SU5403) 

3 - [ ( 3 , 4 -Dibr omo-5 -methy lpyrrol-2 -y 1 ) methylene ] -2 - 

indolinone is synthesized according to Method B. 

5.44. Synthesis of 3-[ (3,4-Dimethyl-2-formylpyrrole- 
5-yl)methylene) -2-indolinone (SU5405) 

3- [ ( 3 , 4-Dimethyl-2-f ormylpyrrole-5-yl) methylene) -2- 

indolinone is synthesized according to Method A. 



10 



5.45. Synthesis of 3-{[4-(2-methoxycarbonylethyl)-3- 
methylpyrrol-5-yl]methylene } -2 -indolinone 
(SD5407) 

3-{ [4- (2-methoxycarbonylethyl) -3-methylpyrrol-5- 
yl]methylene }-2-indolinone is synthesized according to 
15 Method A. 

5.46. synthesis of 3- [2-iodofuran-5-yl) methylene] -2- 
xndolinone (SU5409) 

3- [2-Iodofuran-5-yl) methylene] -2-indolinone is 
synthesized according to Method A. 

20 

5.47. Synthesis of 3-[ (3-Ethoxycarbonyl-2- 

aethylfuran-5-yl) methylene] -2-indolin one 
(SU5410) 

3- [ ( 3 -Ethoxycarbonyl-2 -methylf uran-5-y 1 ) methylene ] -2- 
25 indolinone is synthesized according to Method A. 

5.48. Synthesis of 3-[ (3-Bromothiene-2- 
yl) methylene] -2-indolinone (SU5418) 

3-[ (3-Bromothiene-2-yl)methylene]-2-indolinone is 

synthesized according to Method A. 

30 "V. 

5.49. synthesis of 3-[ ^-Chlorothiene-s- 
YDmethylene^-indolinone (SU5420) 

3-[ (2-Chlorothlene-5-yl) methylene) -2-indolinone is 
synthesized according to Method A. 

35 - <, . 

5.50. 'Synthesis of 3-[ (2,3-Dimethylfuran-5- 

yl) methylene] -2-indolinone (805421) 

- 43 - 
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3-[ (2, 3-Dimethylfuran-5-yl) methylene] -2-indolinone is 
synthesized according to Method A. 



5.51. 



Synthesis of 3- t <S-Nitrothien-2-yl)methylenei. 
2-mdolinone (S05422) jr*/«ewiyxenej- 



10 



3-[ (5-Nitrothien-2-yl) methylene] -2-indolinone is 
synthesized according to Method A. 

5.52. synthesis of 3-[ (2-Carbo3cythien-5- 
yl) methylene] -2-indolinone (SU5423) 

3-[ (2-Carboxythien-5-yl)methylene] -2-indolinone is 
synthesized according to Method A. 



5.53. fyn tn f?if of 3-[(2-Bromothiene-5- 
yl) methylene] -2-indolinone (SU5425) 

15 3 -[ (2-Bromothiene-5-yl)methylene]-2-indolinone is 

synthesized according to Method A. 

5.54. synthesis of 3-[ (4-Broaothiene-2- 
yl) methylene] -2-indolinone (SD5426) 

20 3 " C(4 " Bromothi ene-2-yl)methylene]-2-indolinone is 

synthesized according to Method A. 



5.55. synthesis of 3-[ (2-sulphonylfuraa-5- 

TsU5«Sf lene3 " 2 " ind0lln0ae S ° diUtt Salt 

" _ 3 ' C(2 - Sulphon y lfuran -5-yl)iaethylene]-2-indolinone sodium 
salt is synthesized according to Method A. 

5.56. synthesis of 3-t (Furan-2-yl) methylene] -2- 
indolinone (SU5429) «-«j*wmj z 

30 ^K^an-a-yDittethylenel^-indolinone is synthesized 

according to Method A. 

5.57. flYf thesis of 3-[ (2%ethylfuran-5- 
yl) methylene] -2-indolinone (8U5430) 

3S 3 -f< 2 - Meth y"uran-5-yl)aethylene].2-indolinone is 

synthesized according, to Method A. 



- 44 - 



J 
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5.58. synthesis of 3- [ (2-Ethylfuran-5-yl) methylene- 
2-indolinone (SU5431) 

3-[ (2-Ethylfuran-5-yl)methylene-2-indolinone is 
synthesized according to Method A. 

5*59. Synthesis of 3-[ <2-Nitrofuran-5-yl) methylene]- 

2-indolinone (SU5432) 

3-[ (2-Nitrof\iran-5-yl)methylene]-2-indolinone is 
synthesized according to Method A. 

5.60. Synthesis of 3-[ <5-Bromofuran-2-yl)methylene]- 

2-indolinone (SU5438) 

3-[ (5-Bromofuran-2-yl) methylene] -2-indolinone is 
synthesized according to Method A. 

15 5 - 61 - Synthesis of 3- [ <2-Ethylthien-5-yl) methylene] - 

2-indolinone (SU5451) 

3-[ (2-Ethylthien-5-yl) methylene] -2-indolinone is 
synthesized according to Method A. 

20 5.62. Synthesis of 3-[ <4,5-Dimethyl-3-ethylpyrrol-2r 

yl) methylene] -2-indolinone (SU5453) 

3-[ (4 , 5-Dimethyl-3-ethylpyrrol-2-yl) methylene] -2- 
indolinone is synthesized according to Method A. 

5.63. synthesis of 3-[ (5-Ethoxycarbonyl-4- 
25 ethoacycarbonylethyl-3 -ethoxycarbonylm 

ethylpyrrol-2-yl) methylene] -2-indolinone 
(SD5454) 

3-[ ( 5-Ethoxycar bony 1-4 -ethoxy car bony lethy 1-3 - 
ethoxycarbonylm^ ethylpyrrol-2-yl) methylene] -2-indolinone is 
synthesized according to Method A. 

30 

5 # 64. Synthesis of 3-[ (5-Carboxy-3-ethyl-4» 

methylpyrrol-2-yl)methylene]-2-indolinone 
(SU5455) 

3- [ (5-Carboxy-3-ethyl-4-methylpyrrol-2-yl) methylene] -2- 
35. ^olinone is synthesized according to Method A. 
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5.65. synthesis of 3-n3,s-Diiodo-4-methylpyrrol-2- 
yl)methylene]-2-indolinoae (SU5456) 2 

3-[ (3,5-Diiodo-4- n ethylpyrrol-2-y 1)m ethylene]-2- 
lndolinone is synthesized according to Method A. 

^S^ssrsas^r 

3-[ (5-Chloro-3-methoxycarbonyl-4- 

is 3-[ (3-Acetyl-5-ethoxycarbonyl-4- m ethylpyrrol) -2- 

yl)methylene ]-2-indolinone is synthesized according to 
Method a. 3 



Method A. 

5.68. 



20 



SUffSS ? f 3 " { f 1 -< 3 ' 5 - D icMorophenyl)pyrrol- 
2-yl]aethylene}-2-indolinone (SU5461) A,pyrrcl 

3 -<C 1 -t 3 ' 5 -Dichlorophenyl)py r rol-2- y i] 1 nethylene}-2- 
xndolihone is synthesized according to Method A. 

5 ' 69 * 3J2K 1 ? ° £ ^ti-^-ChlorophenyDpyrrol-a- 
yl)nethylene]-2-indolinone (SU5462) 

" is 

synthesized according to Method A. 

~5Si3f^ 0l " 2 - yl)Mtt y lMe 3-2 ? ^olinoae 
indolinone. is synthesized according to Method A. 

5.71. synthesis of 3-C{l-Mett»ylpyrrol-2- 
y^^yleaei-a-indolinSS^SMMr 

35 (1 : Metoylpyrrol - 2 -y 1 ) Beth ylene3-2-indolinone is 

synthesized according to Method A. 
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5.72. Synthesis of 3-[ (5-Ethoxycarbonyl-3- 
ethoxycarbonylethyl-4-ethoxylcarbonyl 
methylpyrrol-2-yl) methylene] -2-indolinone 

(SU5465) 

3-[ (5-Ethoxycarbonyl-3-ethoxycarbonylethyl-4- 
5 ethoxylcarbonyl methylpyrrol-2-yl) methylene] -2-indolinone is 
synthesized according to Method A. 



5.73. Synthesis of 3-[4-<Pyrrolidin-l- 

y 1 ) benzylideny 1 ] -2 -indolinone ( SU5 466) 

10 3-[4- (Pyrrolidin-l-yl)benzylidenyl] -2-indolinone is 

synthesized according to Method A. 

5.74. Synthesis of 3-[ (5-Kethylimidazol-2- 
y 1 ) methylene ] -2 -indolinone ( SU54 68 ) 

3-[ (5-Methylimidazol-2-yl) methylene] -2-indolinone is 
15 synthesized according to Method A. 

5.75. Synthesis of 3-[ (5-Methylthiazol-2- 
yl) methylene] -2-indolinone (SU5469) 

3-[ (5-Methylthiazol-2-yl) methylene] -2-indolinone is 
20 synthesized according to Method A. 

5.76. Synthesis of 3-[ O-Methylpyrazol-S- 
yl) methylene] -2-indolinone (SU5472 ) 

3-[ (3-Methylpyrazol-5-yl)methylene]-2-indolinone is 
25 synthesized according to Method A. 

5.77. Synthesis of 3-[ (Imidazol-4-yl) methylene] -2- 
indolinone (SU5473) 



30 



3- [ (lmidazol-4-yl) methylene] -2-indolinone is synthesized 
according to Method A. 



5.78. synthesis of 3-[ (4-Chloropyrazol-3- 
yl)methylene]-2-indolinone (SU5474) 

3-[ (4-Chloropyrazol-3-yl)methylene]-2-indolinone is 

synthesized according to Method A. 

35 
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5.79. synthesis of 3-[ (4-Bromo-i-(4- 
Un^SL^ 

in„ (4 ~ Br0n0 ~ 1 ~ (4 ~ Chl ° r ^ 

indolmone is synthesized according to Method A. 

5 ' 80, 5?2S!if ^^-t.^-Chloro-i-Bethylpyrawl-a- 
yl) methylene] -2-indolinone (SU5476) 

3-[(4-Chloro-i- a ethylpyra 2 ol-3. y i) ffi eth y iene].2- 
indolinone is synthesized according to Method A. 



10 

5.81. 



^tt^Ethyl-a^-dimethylpyrroi^-y!,^^ _ 
mdolmone is synthesized according to Method B. 



15 

5.82. 



Synthesis of 3-[ (5-Bthylpyrrol-2- 
yl)aethylene]-2-indoliLSriSTC578) 

svn * h 'T^f'^^^^-y^^^nel^-indolinone is 
synthesized according to Method B. 



20 

5.83. 

(SU5479) 



5.83. Synthesis of 3-[3,5-Diaethvl-4- * 



3 -t 3 ' 5 - D1 -«>yl-4-,p r ope„. 2 . yl)KTrc> 
indoUnone is synthesized according to Method B. 



25 

5.84. 



?Si?v Sis ,w £ 5 '6-Diaethoxyi-3-r2,3- 
5 « n< ./^^^""y^-^oiinone (SU5495) 
5,6.Di n etho X yl-3- [ 2 / 3-dimethoxylbenzylidenyl ] -2. 
wdolinone is synthesized according to Method A. 



30 

5.85. 



(s'i^J;, 6 -^ 6 ^^ 1 ^]. 

J- [2 , 4 , 6-Trimethoxybenzylidenyl] -2-indolinone is 
synthesized according to Method A. 



35 5.86. 



synthesis of 5-chloro-3-r (pyrrol-2- 
y^methylenej^-indolinoneSSMj, 
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5-Chloro-3-[ (pyrrol-2-yl) methylene] -2-indolinone is 
synthesized according to Method A. 

5.87. Synthesis of 5-Chloro-3-[ (3-methylpyrrol-2- 
5 yl) methylene] -2-indolinone (SU5613) 

5-Chloro-3-[ (3-methylpyrrol-2-yl) methylene] -2-indolinone 

is synthesized according to Method A. 

5.88. Synthesis of 3- (4-isopropylbenzylidenyl) -2- 
indolinone (SU4313) 

10 3- (4-isopropylbenzylidenyl) -2-indolinone is available 

from Maybridge Chemical Co. Ltd. 

5.89. Synthesis of 5-Chloro-3-[ (3,5- 
dimethy lpyrrol-2 -yl ) methylene ] -2 - 

15 indolinone ( SU5614 ) 

5-Chloro-3-[ (3, 5-dimethy lpyrrol-2 -yl) methylene] -2- 
indolinone is synthesized according to Method A. 

5.90. Synthesis of 3-[ (pyrrol-2-yl)methylene] -2- 
indolinone (SU4314) 

20 3-[(pyrrol-2-yl)methylene]-2-indolinone is available 

from Maybridge Chemical Co. Ltd. 

5.91. Synthesis of 5-Chloro-3-[ (indol-3- 
y 1 ) methylene ] -2-indolinone ( 8U5 615 ) 

25 5-Chloro-3-[ (indol-3-yl)methylene] -2-indolinone is 

synthesized according to Method A. 

5.92. Synthesis of 5-Chloro-3-[ (thien-2- 
y 1 ) methylene ] -2 - indolinone ( SU5 616) 

30 5-Chloro-3-[ (thien-2-yl) methylene] -2-indolinone is 

synthesized according to Method A. 

5.93. Synthesis of 5-Chloro-3-[ (3-methylthien-2- 
yl) methylene] -2-indolinone (SU5617) 

, , _ : ^,5r<aiioro-3-[ ( 3 -methyl thien-2-yl) methylene] -2- 

indolinone is synthesized according to Method A. 
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S-Chloro-a-ccs-methylthien^-yDaethylene]^- 
mdolinone is synthesized according to Method A. 

5 

5-Chloro-3-[(5-ethylthien-2-yl) me thyl e ne]-2- 
xndolxnone is synthesized according to Method A. 

10 

5.96. Synthesis of 5-chloro-3-r ( 5 - 

2-mdolmone ls synthesized according to Method A. 



15 

5.97. 



Sf?^!? 1 ? 6f s - chl °ro-3-[(iaiidazol-2- 
YD methylene] -2-indolinone (8U5621) 

is s ^th hl0r °; 3 ' C (imida20l - 2 -y 1 >» 6th ^ ] - 2 .i n dolinone 
is synthesized according to Method A. 



20 

5.98. 



2&;S?K is °* ^t^-Diaethoxy-e- 
^tnylbenzylidenylj^indolinone (8U5623) 

is svn^eirT 6 ^ 0 ^" 6 " 6 ^ 1 ^ 2711 ^^ 13 - 2 - 1 ^ 01 ^^ 
is synthesized according to Method A. 



25 5.99. 



Synthesis of S-Nitro-3-r (pvrrol-a- 
yDMethyieael^-indoUnonS^SL^) 

svnth!l Ni T" 3 ' C ^^^^"^^^y^nel^-indolinone is 
synthesize^ according to Method A. 

30 5.100. synthesis of 3-[(3-Hethylpyrrol-2- 

^[O-Methylpyrrol^-yDmethyleneJ-S-nitro^- 
indolinone is synthesized according to Method A. 

35 5.101. synthesis of 3-[ oJs-Dimethy^yrrol-a- 
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3 - [ ( 3 , 5 -Dimethy lpyrrol-2 -y 1 ) methylene ] -5-nitro-2- 
indolinone is synthesized according to Method A, 

5.102. Synthesis of 3-[ (Indol-3-yl)methylene]-5- 
5 nitro-2-indolinone (SU5627) 

3-[ (Indol-3-yl) methylene] -5-nitro-2-indolinone is 
synthesized according to Method A. 

5.103. Synthesis of 5-Nitro-3-[ (thien-2- 
yl)methylene]-2-indolinone (SD5628) 

5-Nitro-3-[ (thien-2-yl) methylene] -2-indolinone is 

synthesized according to Method A. 

5.104. synthesis of 3-[ (3-Methylthien-2- 

yl)methylene]-5-nitro-2-indolinone 
15 (SD5629) 

3- [ (3-Methylthien-2-yl) methylene] -5-nitro-2- 
indolinone is synthesized according to Method A. 

5.105. Synthesis of 3-[ (5-Methylthien-2- 
yl > methylene] -5-nitro-2-indolinone 

20 (SU5630) 

3- [ (5-Methylthien-2-yl) methylene] -5-nitro-2- 
indolinone is synthesized according to Method A. 

5.106. Synthesis of 3-[ (5-Ethylthien-2- 
25 YD methylene] -s-nitro-2-indolinone 

(SU5631) 

3- [ (5-Ethylthien-2-yl) methylene] -5-nitro-2- 
indolinone is synthesized according to Method A. 

5.107. synthesis of 3-[ (5-Methylmeroaptothien-2- 
30 yl ) methylene] -5-aitro-2-iadollnone 

(SU5632) 

3-[(5-Methylmercaptothien-2-yl)methylene]-5-nitro-2- 
indolinone is synthesized according to Method A. 

t 

35 5.108. synthesis of 3- [ (Imidazol-2-yl) methylene] - 

5-nitro-2-indolinone (8U5633) 
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a-nimidazol-z-yDxnethyienej-s-nitro^-indolinone is 
synthesized according to Method A. 



5.109. 



3-[ (Oxazol-2-yl) me thylene]-2-indolinone is 
synthesized according to Method A. 



5.110. 

10 



3-[(0xa 2 ol-4-yl) ae thyl e ne]-2-indolinone is 
synthesized according to Method A. 

3-C(Oxazol-5-yl, ne thylene]- 2 -i„ dolinone is 
synthesized according to Method A. 



5.112. 



20 ^[(^iazol-a-yDaethylenej-a-indolinone is 

synthesized according to Method A. 



5.113. 



" ^^"^-^y^^y^nej^-indounone is 

synthesized according to Method A. 



5.114. 



30 fi ^ h 3 "P^ iaZOl - 5 " yl)aeth y lene 3-2.i»doli„one is 
30 synthesized according to Method A. 



5.115. 



fi ^ 3 f ^'^"'-^^"^^l-S-indolinone is - 
3S synthesized, according to Method A. 



- 52 - 



WO 96/40116 



PCT/US96/08903 



5.116. synthesis of 3- [ (Pyrazol-3-yl) methylene] - 
2-indolinone (CS7135) 

3- [ (Pyrazol-3-yl) methylene] -2-indolinone is 
synthesized according to Method A. 

5 

5.117. synthesis of 3-[ <Pyrazol-4-yl)methylene]- 
2-indolinone (CS7136) 

3-[ (Pyrazol-4-yl) methylene] -2-indolinone is 
synthesized according to Method A. 

10 

5.118. Synthesis of 3- [ (Isoxazol-3-yl) methylene]- 
2-indolinone (CS7137) 

3-[ (Isoxazol-3-yl) methylene] -2-indolinone is 
synthesized according to Method A. 

15 5.119. Synthesis of 3- [ (Xsoxazol-4-yl) methylene] - 

2-indolinone (CS7138) 

3-[ (Isoxazol-4-yl) methylene] -2-indolinone is 

synthesized according to Method A. 

20 5.120. synthesis of 3- [ (Isoxazol-5-yl) methylene]- 

2-indolinone (CS7139) 

3-[ (Isoxazol-5-yl) methylene] -2-indolinone is 
synthesized according to Method A. 

5.121. Synthesis of 3-[ (Xsothiazol-3- 

25 YD methylene] -2-indolinone (CS7140) 

3-[ (Isothiazol-3-yl) methylene] -2-indolinone is 
synthesized according to Method A. 

5.122. Synthesis of 3-[ (lsothiazol-4- 

30 yDnethylene] -2-indolinone (CS7141) 

3-[ (Isothiazol-4-yl) methylene] -2-indolinone is 
synthesized according to Method A. 

5.123. Synthesis of 3-[ (Isothiazol-5- 

35 yl) methylene] -2-indolinone (CS7142) 

3-[ (Isothiazol-5-yl) methylene] -2-indolinone is_ 
synthesized according to Method, A. 
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5.124. synthesis of 3-[ <i, 2 ,3-Triazol-4- 
yl)methylene]-2-indolinone (CS7143) 

3-[ (l'2,3-Tria 2 ol-4-yl) B ethylene]-2-indolinone is 
synthesized according to Method A. 

5 ' 125 ' SXIXi? ^^-tU^^-Thiadiazol-a- 
yl ) methylene] -2 -iadoliaone (CS7144) 

3-C ^^^-Thiadiazol^-yDmethylenej^-indolinone is 
synthesized according to Method A. 



10 5.126. 



3- [ (5-Phenyl-i , 2 , 4-oxadiazol-3-yl) methylene] -2- 
mdolmone is synthesized according to Method A. 



15 5.127. 



5-yl) methylene] -2-indolinone (CS7146) 
3- [ (3-Phenyl-i , 2 , 4-oxadiazol-5-yl) methylene] -2- 
mdolinone is synthesized according to Method A. 

20 5.128. Synthesis of 3-r (3-Phenvl-i 2 5. n v,^.„., 

4-yl)methylene]^-inSSSoi; 2 (c^S?f aZ01 " 

3-C ^-Phenyl-i^^-oxadiazol^-yljmethylene]^- 
indolinone is synthesized according to Method A. 



6. 



25 



EXAMPLES: la vitro RTK Assays 



The following in vitro assays may be used to 
determine the level of activity and effect of the 
different compounds of the present invention on one or 
*ore of the RTKs. similar assays can be designed along 

30 !^T e ^ 8 ^ tyr ° 8ine kinase usin * techniques 
veil known in the art. 



35 



6.1. Enzyme Linked Immunosorbent Assay (ELISA) 

Enzyme linked immunosorbent assays (ELISA) mav 
be used to detect and measure the presence of tyrosine 
kinase activity. The ELISA may be. conducted- according to 
known protocols which are described in, for example 
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Voller, et al., 1980, "Enzyme-Linked Immunosorbent 
Assay," In: Manual of Clinical Immunology, 2d ed., edited 
by Rose and Friedman, pp 359-371 Am. Soc. Of 
Microbiology, Washington, D.C. 
5 The disclosed protocol may be adapted for 

determining activity with respect to a specific RTK. For 
example, the preferred protocols for conducting the ELISA 
experiments for specific RTKs is provided below. 
Adaptation of these protocols for determining a 
10 compound's activity for other members of the RTK family, 
as well as non-receptor tyrosine kinases, are within the 
scope of those in the art. 

6.1.1. FLK-l ELISA 
15 An ELISA assay was conducted to 

measure the kinase activity of the FLK-l receptor and 
more specifically, the inhibition or activation of 
protein tyrosine kinase activity on the FLK-l receptor. 
Specifically, the following assay was conducted to 
20 measure kinase activity of the FLK-l receptor in FLK- 
1/NIH3T3 cells. 

Materials And Methods. 

Materials. The following reagents and supplies 

were used: 

25 a. Corning 96-well ELISA plates (Corning Catalog 

No. 25805-96); ^ 

b. Cappel goat anti-rabbit IgG (catalog no. 
55641) ; 

c. PBS (Gibco Catalog No. 450-1300EB) ; 

d. TBSW Buffer (50 mM Tris (pH 7.2), 150 mM NaCl 
and 0.1% Tween-20); 

e. Ethanolamine stock (10% ethanolamine (pH 7.0). 
stored at 4«C); . 

„ f * HNTG buffer (20mM HEPES buffer (pH 7.5), 150mM 
3» > NaCl, 0.2% Triton X-100, and 10% glycerol); 

g. EDTA (0.5 M (pH 7.0) as a, 100X stock) ; 
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h. 

i. 



k. 
1. 

m. 
n. 
o. 



Sodium ortho vanadate (0.5 M as a 100X stock); 

sodium pyro phosphate (0.2M as a 100X stock); 

NUNC 96 well V bottom polypropylene D i a f 00 
(Applied Scientific CaLlo| SS. AS-72W2?; 

NIH3T3 C7#3 Cells ( FLK -:l expressing cells,'; 
STiSS-SofJ* 1 glUC ° Se L 61Utamine (-talog 
PBS, Gibco (catalog no. 16000-028) ; 
L-glutamine, Gibco (catalog no. 25030-016); 

xs P ' Affinity purified anti-FLK-1 antiserum 

" Enzymology Lab, Sugen, Inc.; antlserum ' 

q. UB40 monoclonal antibody specific for 

Sfl: 1550-1558); ' 199 °' Cancer Research 

20 r * S^? rade Goat ^i-mouse Igc-POD (BioRad 

catalog no. 172-1011); i»i°«aa 

should be stored 2 ^J^iJSTSSf for 

H,©, (30% solution) (Fisher catalog no. H325) ; 

ABTS/HjO, (15ml ABTS solution, 2 ul HOI 
prepared 5 minutes before use and i^2 3 L 
temperature; re use 3113 left at room 

0.2 M HC1 stock in H a O; 

tJj?^S lf03Cide < 100 *) (Si9»a Catalog no. D- 

y. Trypsin-EDTA (Gibco BRL Catalog No. 25200-049, 

Pxotoc <*' The following protocol was used for 
conducting the assay: OT 



t. 
u. 

v. 
w. 
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1. Coat Corning 96-well elisa plates with l.Ojxg 
per well Cappel Anti-rabbit IgG antibody in 0.1M Na 2 C0, pH 
9.6. Bring final volume to 150 nl per well, coat plates 
overnight at 4«C. Plates can be kept up to two weeks 

5 when stored at 4°C. 

2. Grow cells in Growth media (DMEM, supplemental 
with 2.0mM L-Glutamine, 10% FBS) in suitable culture 
dishes until confluent at 37°c, 5% C0 a . 

3. Harvest cells by trypsinization and seed in 
10 Corning 25850 polystyrene 96-well roundbottom cell 

plates, 25.000 cells/well in 200/xl of growth media. 

4. Grow cells at least one day at 37°C, 5% C0 2 . 

5. Wash cells with D-PBS IX. 

6. Add 200/tl/well of starvation media (DMEM, 2.0mM 
15 1-Glutamine, 0.1% FBS). Incubate overnight at 37 "C, 5% 

C0 2 . 

7. Dilute Compounds/Extracts 1:20 in polypropylene 
96 well plates using starvation media. Dilute, 
dimethylsulf oxide 1:20 for use in control wells. 

20 8. Remove starvation media from 96 well cell 

culture plates and add 162 M l of fresh starvation media 
to each well. 

9. Add 18/il of 1:20 diluted Compound/ Extract 
dilution (from step 7) to each well plus the 1:20 

25 dimethylsulf oxide dilution to the control wells (+/- 
VEGF), for a final dilution of 1:200 after cell 
stimulation. Final dimethylsulf oxide is 0.5 %. Incubate 
the plate at 37«C, 5% CO, for two hours. 

10. Remove unbound antibody from ELISA plates by 

30 inverting, plate to remove liquid. Wash 3 times with TBSW 

+ 0.5% ethanolamine, pH 7.0. Pat the plate on a paper 
& Jf Wel to re *°ve excess liquid and bubbles. 

11. Block plates with TBSW + 0.5% Ethanolamine, pH 
7.0,. 150 Ml per well, incubate plate thirty minutes 

35 while shaking on a microtiter. plate' shaker . 

12. Wash plate 3 times as described in step 10. 
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13. Add 0.5 M g/well affinity purified anti-FLU-l 
polyclonal rabbit antiserum. Bring final volume to 
150Ml/well with TBSW + 0.5% ethanolamine p H 7.0 
incubate plate for thirty minutes while shaking. 
S 14. Add 180 Ml starvation medium to the cells and 

stimulate cells with 20 M l/well lo.OmM sodium ortho 
vanadate and 500 ng/ml VEGF (resulting in a final 
concentration of i. 0mM sodium ortho vanadate and 50ng/ml 
VEGF per well) for eight minutes at 37 o C 5 % co 
10 Negative control wells receive only starvation Tedium. 

15. After eight minutes, media should be removed 
from the cells and washed one time with 200„l/well PBS. 

16. Lyse cells in 150 M l/well HNTG while shaking at 
room temperature for five minutes. HNTG formula^" 

" ^ S ° diUa ° rth ° SOdi - P^sphate and 

step io.' ^ ^ tW " des «ibed in 

18. Transfer cell lysates from the cell plate to 
20 elisa plate and incubate while shaking for two^s To 

Sevens! 611 ^ P±Pette UP ^ *™ 

». wash plate three times as described in step io. 

25 tbsw ! ; 5% "r at : piate with *»o i» 

25 TBSW + 05% ethanolamine. Bring final volume to 
150Ml/well. Incub a t e while shaking for 30 minutes. 

21. Wash plate three times as described in step io 

22. incubate ELISA plate with 1:10,000 diluted EIA 
grade goat anti-mouse igc conjugated horseradish 

aoperoxidase in TBSW * o.5% ethanolamine, p H 7.0. Bring 
.final volume to I50ul/well Tn~»fe^. 

thirty minutes. 50 " 1/Well \ In ^« while shaking for 

. 23# - Wash P late as described in step io. 

mt Jt' A^ lOO Mi of ABTS/H>0 5 solution to well. 
35 incubate ten minutes while shaking, -« 

ston 2l T T ^ ° f °' 2 M HC1 f ° r °' 1 M H <* final to 
stop the color development reaction.. Shake l minute at 
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d. 



room temperature. Remove bubbles with slow stream of air 
and read the ELISA plate in an ELISA plate reader at 4io 
nm. 

6.1.2. HER-2 ELISA 
5 Assay l: EGP Receptor-HER2 Chimeric 

Receptor Assay in Whole Cells. HER2 kinase activity in 
whole EGFR-NIH3T3 cells was measured as described below: 

Materials and Reagents. The following materials and 
reagents were used to conduct the assay: 

10 a - EGF: stock concentration= 16.5 ILM; EGF 201 

TOYOBO, Co., Ltd. Japan. ' 

b. 05-101 (UBI) (a monoclonal antibody 
recognizing an EGFR extracellular domain). 

c. Anti-phosphotyrosine antibody (anti-Ptyr) 
15 (polyclonal) (see, Fendley, et al., supra). 

Detection antibody: Goat anti-rabbit lgG horse 
radish peroxidase conjugate, TAGO, Inc.. 
Burlingame, CA. 

e. TBST buffer: 

20 Tris-HCl, pH 7.2 50 mM 

NaCl 150 mM 

Triton X-ioo o.i 

f. HNTG 5X stock: 

HEPES o.l H 

25 NaC1 0.75 M 

Glycerol 50% 
Triton X-100 1.0% 

9. ABTS stock: 

Citric Acid 100 mM 

NaaHPO, 250 mM 

30 , .HC1, cone. 0.5 pM 

. 0.5mg/ml 

- * (2,2' -azinobis(3- 
ethylbenzthiazolinesulfonic acid)). Keep 
solution in dark at 4°C until use. 

35 " h ' . 'Stock reagents of : 

EDTA 100 mM pH 7.0 

Na 3 V0 4 0.5 M . _ t ; - 
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Na 4 (P a 0 7 ) 0.2 M 
Procedure. The following protocol was used: 
A * Pre-coaf ELTSA P1 a f a 

1. Coat ELISA plates (Corning, 96 well Cat 

5 ZZIT TV 5 " 101 antibody at °- 5 ■ ~ 

100 „1 f lna i volume/well, and store overnight at 4-C 
coated plates are good for up to 10 days when stored'at 

2. On day of use, remove coating buffer and 
10 replace with 100 ,1 b i ocIcing buffer (5% 

room t ^ f ^ ^ PBS) - InCUbate ^ Plate ' Sh ^ g/ at 
room temperature (about 23 to 25-C) for 30 minutes 

Just prior to use, remove blocking buff er and wash plate 
4 times with TBST buffer. ^ 
15 B - Seeding Palie 

1. An NIH3T3 cell line overexpressing a 
chimeric receptor containing the EGFR extracellular 
domain and extracellular HER2 kinase domain can be used 
for thxs assay. 

20 2 ' Ch °° Se diSh6S having 8 °- 90% influence for 

the experxment. Trypsinize cells and stop reaction by 
adding i 0 % fetal bovine serum. Suspend cells in DMEM 
Medium U0 % CS DMEM medium, and centrifuge once at 1500 
rpm, at room temperature for 5 minutes. 

" o ,* k • 3 * ReSUSpend cells ^ needing medium (DMEM, 
0.5% bovine serum) , and count the cells using trypan 
blue. Viability above 90% is acceptable. Seed ce^ in 
DMEM medium,- (p.5% bovine serum, at a density of u 1 000 

30 o!at! T T 1 ' Ml ^ Wel1 ' ln a 96 wel1 "icrotiter 
30 plate, incubate seeded cells in 5% CO, at 37-c for about 
40 hours. .-. 

C# Assay P roceduro^ " ; ! : 

an WrtJ* i ^ ^ ^ con ^ation using 

an inverted microscope. Dilute drug stock (io mg/ml in 
35DMS0, i !l0 i„ DMEM: medium, the* transfer 5 1 to TJZ 
well for a final drug dilution of 1:200 and a final DMSO 
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concentration of 1%. Control wells receive DMSO alone. 
Incubate in 5% co a at 37°C for two hours. 

2. Prepare EGF ligand: dilute stock EGF in 
DMEM so that upon transfer of 10 nl dilute EGF (1:12 

5 dilution) , 100 nM final concentration is attained. 

3. Prepare fresh HNTG* sufficient for 100 nl 
per well; and place on ice. 

HNTG* (10 ml): 

HNTG stock 2.0 ml 

10 milli-Q HjO 7.3 ml 

EDTA, 100 mM, pH 7.0 0.5 ml 

Na,V0 4 , 0.5 M 0.1 ml 

Na,(P 2 o 7 ) , 0.2 M o.l ml 

4. After 120 minutes incubation with drug, 
15 add prepared SGF ligand to cells, 10 nl per well, to a 

final concentration of 100 nM. Control wells receive DMEM 
alone. Incubate, shaking, at room temperature, for 5 
minutes. 

5. Remove drug, EGF, and DMEM. Wash cells 

20 twice with PBS. Transfer HNTG* to cells, 100 m per well. 
Place on ice for 5 minutes. Meanwhile, remove blocking 
buffer from other ELISA plate and wash with TBST as 
described above. 

6. With a pipette tip securely fitted to a 
25 micropipettor, scrape cells from plate and homogenize 

cell material by repeatedly aspirating and dispensing the 
HNTG* lysis buffer. Transfer lysate to a coated, blocked, 
and washed ELISA plate. Incubate shaking at room 
temperature for one hour. 

30 7V Remove lysate and wash 4 times with TBST. 

Transfer freshly diluted anti-ptyr antibody to ELISA 
plate at 100. per well. Incubate shaking at room 
temperature for 30 minutes in the presence of the anti- 
Ptyr antiserum (1:3000, -.dilution in TBST). 

35 8 r Remove . th> anti-ptyr antibody and wash 4 

times with TBST. Transfer the: freshly- diluted TAGO anti- 
rabbit IgG antibody to the BLIS& plate- at 100 Ml per 
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well, incubate shaking at room temperature for 30 minutes 
(anti-rabbit i gG antibody: 1:3000 dilution in TBST) . 

9. Remove TAGO detection antibody and wash 4 
times with TBST. Transfer freshly prepared ABTS /H,0, 

5 solution to ELISA plate, ioo „1 per well, incubate 
shaking at room temperature for 20 minutes. (ABTS /H 0 
solution: l.o M l 30% H 2 0, in 10 ml ABTS stock). 

10. stop reaction by adding 50 M l 5N H 2 SO 
(optional) , and determine o.D. at 4io nm. * 

11. The maximal phosphotyrosine signal is 
determined by subtracting the value of the negative 
controls from the positive controls. The percent 
inhibition of phosphotyrosine content for extract- 
containing wells is th en calculated, after subtraction of 

15 the negative controls. 

Assay 2: HER-2-BT474 ELISA. a second assay may be 
conducted to measure whole cell HER2 activity, such 
assay may be conducted as follows: 

20 materials And Reagents. The following materials and 
reagents were used: 



10 



a. 



!inl 7 iJiJ CC HBT20) ' a human bre «t tumor cell 
kXase* ex P ress *s high levels of HER2 



25 b * =? di ? Com P ris ing RPMI + 10% FBS + GMS-G 

(Gibco supplement) + glutamine for use in 
growing BT-474 in an incubato? wl?h 5 a t 



30 



35 



c. A monoclonal anti-HER2 antibody. 

d. D-PBS: 

SB?" 2 0 ;J» |/J 10 , GIBCO, S10-4190*J, 
• * KC1 0.20 g/l 

. NaCl 8.00 g/l (pH 7.2) ' 

f; TBST buffer: 
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Tris-HCl 50 mM 

Na ?l 150 mM (pH 7.2, HC1 10 N) 

Triton X-100 0.1% 

wherein stock solution of TES (10X) is 
prepared, and Triton X-100 is added to the 
5 buffer during dilution. 

g. HNTG buffer (5x) : 
HEPES 0.1 M 

NaC1 750 mM (pH 7.2 (HC1, 1 N) 

Glycerol 50% 
10 Triton X-100 1.0% 

Stock solution (5x) is prepared and kept in 
4°C. 

h. EDTA-HC1: 0.5 M pH 7.0 (10 N HC1) as SOOX 
stock. 

15 i. Na 3 VO«: 0.5 M as 100X stock is kept at -80 °C as 

aliquots. 

j. Na«(P 3 0 7 ): 0.2 M as lOOX stock. 

k. Polyclonal antiserum anti-phosphotyrosine. 

20 1- Goat anti-rabbit IgG, horseradish peroxidase 

(POD) conjugate (detection antibody), Tago 
(Cat. No. 4520; Lot. No. 1802): Tago, Inc., 
Burlmgame, CA. 

m. ABTS solution: 

Citric acid 100 mM 
25 Na a HP0 4 250 mM (pH 4.0, IN HC1) 

ABTS o.5 mg/ml 

wherein ABTS is 2.2'-azinobis(3- 
ethylbenzthiazoline sulfonic acid) . For this 
assay, the ABTS solution should be kept in the 
dark afc 4°C. The solution should be discarded 
30 when, it turns green. 

n. Hydrogen peroxide: 30% solution is kept in dark 
and 4°C. 

Procedure. All the following steps are at room 
temperature and aseptically, unless stated otherwise. 
35 All ELISA plate washing is by rinsing with distilled 
water three times and once with TBST. 
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A ' Cell SggfHwq 

1. Grow BT474 cells in tissue culture dishes 
(Corning 25020-100) to 80-90% confluence and collect 
using Trypsin-EDTA (0.25%, GIBCO) . 
« 2. Resuspend the cells in fresh medium and 

transfer to 96-well tissue culture plates (Corning 
25806-96) at about 25,000-50,000 cells/well (100 ^l/well) 
. incubate the cells in 5% C0 2 at 37'c overnight. 
B ' gJSA PlntP Coating BlonHnry 

\ 1Hl l ' C ° at the ELISA P lat « (Corning 25805-96) 

with anti HER2 antibody at 0.5 M g/well in 150 M i PBS 
overnight at 4-C, and seal with parafilm. The antibody 
coated plates can be used up to 2 weeks, when stored at 



4°C. 
15 2 . 



20 



2. on the day of use, remove the coating 
solution, replace with 200 M l of Blocking Buffer, shake 

tol llT rea ° Ve blOCkin * buff ~ wash 

the plate 3 ust before adding lysate. 

c - Assay P rocedure 

Before ^ ^ ^ Seru »- f ~* condition. 

Before adding drugs, the old media is replaced with 
serum-free RPMI (90 Ml/ well) 

RPMI and I' f ^ ^ StOCk (ln 100% DMS0 > 1! " with 
RPMI, and transfer io M l/well of this solution to the 

25 cells to achieve a final drug DMSO concentration at 1%. 
incubate the cells in 5% co a at 37«C. 

3. . Prepare fresh cell lysis buffer (HNTG*) 

5XHNTG 2 ml, 

30 N ^vo 4 0 . lal 

Na « p aO, 0. 1 ml 

H »° 7.3 ml' 

4. After drug preincubation for two hours 

35 rl 0 ^? 11 SOlUti ° n fr ° a ***** transfer HNTG* 
35 (100 Ml/well, to the cells, and shake for io minutes. 

. 5 ' ^ 8 12 " channel PiP«tte to scrape the 
cells from the plate, and homogenize the lysate by repeat 
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aspiration and dispensing. Transfer all the lysate to the 
ELISA plate and shake for 1 hour. 

6. Remove the lysate, wash the plate, add 
anti-pTyr (1:3,000 with TBST) 100 /il/well, and shake for 

5 30 minutes. 

7. Remove anti-pTyr, wash the plate, add goat 
anti-rabbit IgG conjugated antibody (1:5,000 

with TBST) 100 Ml/well, and shake for 30 minutes. 

8. Remove anti-rabbit IgG antibody, wash the 
10 plate, and add fresh ABTS/H,0 3 (1.2 Ml H 2 0, to 10 ml ABTS) 

100 1/well to the plate to start color development, which 
usually takes 20 minutes. 

9. Measure OD 410 nM, Dynatec MR5000. 

15 6.1.3. PDGF-R ELISA 

All cell culture media, glutamine, 
and fetal bovine serum were purchased from Gibco Life 
Technologies (Grand Island, NY) unless otherwise 
specified. All cells were grown in a humid atmosphere of 
20 90-95% air and 5-10% CO, at 37«C. All cell lines were 
routinely subcultured twice a week and were negative for 
mycoplasma as determined by the Mycotect method (Gibco) . 

For ELISA assays, cells (U1242, obtained from Joseph 
Schlessinger, NYU) were grown to 80-90% confluency in 
25 growth medium (MEM with 10% FBS, NEAA, l mM NaPyr and 2 
mM GLN) and seeded in 96-well tissue culture plates in 
0.5% serum at 25,000 to 30,000 cells per well. After 
overnight incubation in 0.5% serum-containing medium, 
cells were changed to serum-free medium and treated with 
30 test compound for 2 hr in a 5% co„ 37«C incubator. Cells 
were then stimulated with ligand for 5-10 minute followed 
by lysis with HNTG (20 mM Hepes, 150 mM NaCl, 10% 
glycerol, 5 mM EDTA, 5 mM Na,V0 4 , 0.2% Triton X-100, and 2 
lfaPyr) * Cell l ysates (0.5 mg/well in PBS) were 
35 transferred to ELISA plates previously coated with 
receptor-specific antibody. and which hfid been blocked 
with 5%; milk in TBST (50 mM Tfis^HCl pH 7.2, 150 mM Nad 
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and 0.1% Triton X-100) at room temperature for 30 min 
Lysates were incubated with shaking for i hour at room 
temperature. The plates were washed with TEST four times 

5 anti^dv aT bate ! P ° lyCl ° nal anti "P^otyrosine 

5 antibody at room temperature for 30 minutes. Excess 

anti-phosphotyrosine antibody was removed by rinsing the 
Plate with TEST four times. Goat anti-rabbit lg G 
antibody was added to the ELISA plate for 30 min at room 
temperature followed by rinsing with TBST four more 
10 txmes. ABTS (i 00 mM citric acid, 250 mM Na 2 HP0 4 and 0.5 
ffi g/ ffi L 2 ,2^a 2 ino-bi S( 3-ethylbenzthia 2 oline. 6 - su 4 i fonic 

IT! llT Ha ° S (1 * 2 * 3 ° % Hj ° 2 t0 10 101 *»> -s added 
to the ELISA plates to start color development. 

Absorbance at 410 nm with a reference wavelength of 630 

15 nm was recorded about 15 to 30 min after ABTS addition. 

6.1.4. I6F-I ELISA 

The following protocol may be used to 
measure phosphotyrosine level on IGF-1 receptor, which 
20 indicates IGF-I receptor tyrosine kinase activ^y 

rea JT erialS *"* mntai The Allowing materials and 
reagents were used: 



25 



30 



35 



a * ^Lff 1 }. 11116 used in «»is assay is 3T3/igf-ip 
a cell Une which cverexpresses^S-f r£e£or\' 

b * ^g'SE 3 **!* ^ in ^cubator with 5% 
rEL? < Z\ The growth media is DMEM + fo% fbs 
(heat inactivated) + 2mM L-glutamineT 

°* toSboSf:« R antibodv named 17-69 is used. 

"SUGEN^inc. 6 P 111 ed the Enzymology Lab, 

d. D-PBS: 

NaCl 0.20 g/l . . 

i WaC1 8.00 g/l (p H 7.2) 

. SS^hS!^^^ " "1* (carnation 

f. TBST buffer: 
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Tris-HCl 50 mM 

!! a ?f 150mM (pH 7.2/HC1 ION) 

Triton X-100 0,1% ' 

Stock solution of TBS (10X) is DreoarpH 

g. HNTG buffer: 

HEPES 20 mM 

? aC1 , 15 ° »»M (pH 7.2/HC1 IN) 

Glycerol io% ' 

10 Triton X-100 0.2% 

Stock solution (5X) is prepared and kept at 

h. EDTA/HC1: 0.5 M pH 7.0 (NaOH) as 100X stock. 

15 ^ kept^n^lo^cf 3 10 ° X St ° Ck ^ ali ^° tS are 

j. Na«P J 0 7 : 0.2 M as 100X stock. 

k * cSllf?" like - 9rOWth factor - 1 froa Iomega (Cat# 

20 1 ' 5SX?i onal antiser «* anti-phosphotyrosine: 

rabbit sera generated by Enzymology Lab., SUGEN 

** ^ a ?K a ?^~ ra . bbit lgG ' *° D conjugate (detection 
antibody), Tago (Cat. No. 4520, Lot No. 1802?" 
Tago, Inc., Burlingame, CA. ' * 

25 n. ABTS (2.2'-azinobis(3- 

ethylbenzthiazolinesulfonic acid)) solution: 
Citric acid ioo mM 

S^? 0 * 250 =* (PH 4.0/1 N HC1) 

ABTS 0.5 mg/ml 

30 ABTS solution should be kept in dark 

and 4«C. The solution should be 
discarded when it turns green. 

°" 2£°!£ a? r ;-cf e: 3 ° % SOlUti ° n iS kept ln 
Procedure. All the following steps are conducted at 
35 room temperature unless it is specifically indicated. 
All ELISA plate washings are performed by rinsing the 
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plate with tap water three times, followed by one TBST 
rinse. Pat plate dry with paper towels. 
A. Cell Saeriinrp 

1. The cells, grown in tissue culture dish 
5 (Corning 25020-100) to 80-90% confluence, are harvested 

with Trypsin-EDTA (0.25%, 0.5 ml/D-100, GIBCO) . 

2. Resuspend the cells in fresh DMEM + 10% 
PBS + 2mM L-Glutamine, and transfer to 96 - well tissue 
culture plate (Corning, 25806-96) at 20,000 cells/well 

10 (100 Ml/well, . incubate for l day then replace medium to 
serum-free medium (90/jil) and incubate in 5% C0 2 and 37-c 
overnight. 

B * .ELISA Plate Coating an d BlftnV^ - 

1. Coat the ELISA plate (Corning 25805-96) 

15 with Anti-iGF-iR Antibody at 0.5 M g/well in 100 M i PBS at 
least 2 hours. 

2. Remove the coating solution, and replace 
with 100 nl Blocking Buffer, and shake for 30 minutes. 
Remove the blocking buffer and wash the plate just before • 

20 adding lysate. 

c « Assay Procedures ; 

1. The drugs are tested in serum-free 

condition. 

2. Dilute drug stock (in 100% DMSO) mo with 
25 DMEM in 96-well polypropylene plate, and transfer 10 

/il/well of this solution to the cells to achieve final 
drug dilution l:ioo, and final DMSO concentration of 
1.0%. incubate the cells in 5% CO, at 37-C for 2 hours. 

3. Prepare fresh cell lysis buffer (HNTG*) 
30 HNTG 2 ml 

EDTA o.i ml 

Na,vo 4 o.i ml 

, Na«(P a 0,) 0.1 ml 

H a° 7.3 »1 

35 , 4 * After drug incubation- for two hours, 

transfer 10 Ail/well of 200nM IGP-I tigand in PBS to the 
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cells (Final Cone. = 20 nM) , and incubate at 5% C0 2 at 
37 °C for 10 minutes. 

5. Remove media and add lOO/il/well HNTG* and 
shake for 10 minutes. Look at cells under microscope to 

5 see if they are adequately lysed. 

6. Use a 12-channel pipette to scrape the 
cells from the plate, and homogenize the lysate by repeat 
aspiration and dispense. Transfer all the lysate to the 
antibody coated ELISA plate, and shake for 1 hour. 

10 7 - Remove the lysate, wash the plate, 

transfer anti-pTyr (1:3,000 with TBST) 100 /il/well, and 
shake for 30 minutes. 

8. Remove anti-pTyr, wash the plate, transfer 
Tago (1:3,000 with TBST) 100 Ml/well, and shake for 30 

15 minutes. 

9. Remove detection antibody, wash the plate, 
and transfer fresh ABTS/H202 (1.2 nl H 2 0 2 to 10 ml ABTS) 
100 /xl/well to the plate to start color development. 

10. Measure OD in Dynatec MR5000, which is 
20 connected to Ingres. 

6.1.5. EGF Receptor ELISA 

EGF Receptor kinase activity (EGFR- 
NIH3T3 assay) in whole cells was measured as described 
25 below: 

Materials and Reagents. The following materials and 
reagents were used - 

a. z EGF Ligand: stock concentration =16.5 uM; EGF 
201, TOYOBO, Co., Ltd. Japan. 



30 



35 



b - v.5 5 " 101 (UBI) (a monoclonal antibody recognizing 
an EGFR extracellular domain). 

c Anti-phosphotyosine antibody (anti-Ptyr) 
(polyclonal) . 

d. Detection antibody: Goat anti-rabbit lgG horse 
radish peroxidase- conjugate; TAGO, Inc., 
Burlingame, CA. 

i * *"■_ ~ ** 

e. TBST buffer: -r . v 
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Tris-HCl, P H 7 50 IBM 

JaCl 150 m 

Triton X-100 o.l 

HNTG 5X stock: 

HEPES n i m 

»«1 , 0°.-75 M H 

Glycerol 50 

Triton X-100 1.0% 
ABTS stock: 



10 Citric Acid 



100 mM 



15 



Na 2 HPO, 250 m 

^:. cone ' 4.0 ph 

ABTS 0.5 mg/ml 

Keep solution in dark at 4-c until used. 

Stock reagents of: 



EDTA 100 mM pH 7.0 
Na 3 V0 4 0.5 M 
Na 4 (P a 0 7 ) 0.2 M 

Procedure. The following protocol was used: 
A. Pre-coat v^TSA Pl« +«, 

20 1. coat elisa plates (Coming, 96 well, cat. 

#25805-96, with 05-101 antibody at 0.5 Mg per well in 
PBS, 150 Ml final volume/well, and store overnight at 
4 •G. Coated plates are good for up to 10 days when stored 
at 4°c. 

25 , 2 * 0n da * o£ use ' remove coating buffer and 

lT«llJ ith bl ° Cking ^ (5% c "~"« ^ant NonPat 
Dry Milk in PBS) . incubate the plate, shaking, at room 

temperatures (about 23-c to 25-C) for 30 minutes. Just 
prior to use,, remove blocking buffer- and wash plate 4 
30 times with. TBST buffer. 

B. Seedina r^n^ 

1. NIH 3T3/C7 cell line (Honegger, et al., 
Cell 51:i99-209„ : 1987, can be use for this assay. 

3S < " ° hOOSe dl8heS hay ^ ng 80 - 90% confluence for 

35 the experiment. Trypsinize cells and stop reaction by 
adding 10 % cs DMEM medium, suspend cells in DMEM medium 
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(10% CS DMEM medium) and centrifuge once at 1000 rpm, and 
once at room temperature for 5 minutes. 

3. Resuspend cells in seeding medium (DMEM, 
0.5% bovine serum) , and count the cells using trypan 
5 blue. Viability above 90% is acceptable. Seed cells in 
DMEM medium (0.5% bovine serum) at a density of 10,000 
cells per well, 100 /il per well, in a 96 well microtiter 
plate. Incubate seeded cells in 5% C0 2 at 37°C for about 
40 hours. 
10 C. Assay Procedures , 

1. Check seeded cells for contamination using 
an inverted microscope. Dilute drug stock (10 mg/ml in 
DMSO) 1:10 in DMEM medium, then transfer 5 Ml to a test 
well for a final drug dilution of 1:200 and a final DMSO 

15 concentration of 1%. Control wells receive DMSO alone. 
Incubate in 5% C0 2 at 37 °C for one hour. 

2. Prepare EGF ligand: dilute stock EGF in 
DMEM so that upon transfer of 10 Ml dilute EGF (1:12 
dilution) , 25 nM final concentration is attained. 

20 3 * Prepare fresh 10 ml HNTG* sufficient for 

100 /il per well wherein HNTG* comprises: HNTG stock (2.0 
ml), milli-Q H 3 0 (7.3 ml), EDTA, 100 mM, pH 7.0 (0.5 ml) , 
Na 3 V0 4 0.5 M (0.1 ml) and Na 4 (P 2 0 7 ) , 0.2 M (0.1 ml). 
4. Place on ice. 

25 5. After two hours incubation with drug, add 

prepared EGF ligand to cells, 10 /il per well, to yield a 
final concentration of 25 nM. Control wells receive DMEM 
alone. Incubate, shaking, at room temperature, for 5 
minutes. - 

10 6 - Remove drug, EGF, and DMEM. Wash cells 

twice with PBS- Transfer HNTG* to cells, 100 til per well. 
Place on ice for 5 minutes. Meanwhile, remove blocking 
buffer from other ELISA plate and wash with TBST as 
described above. 

iS 7 - With a pipette tip securely fitted to a 

micropipettor, scrape cells from plate and homogenize 
cell material by repeatedly aspirating and dispensing the 
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HHTG- lysis buffer, Transfer lysate to . ^ 
and washed ELISA p!ate. Incubate shading at room 
temperature for one hour. 

8. Remove lysate and wash 4 tines vith TBST 
s Transfer freshly diluted anti-Ptyr antibody to ELIsT 

Plate at loo ,1 per well, incubate shaking at room 
temperature for 30 minutes in the presence of the anti- 
Ptyr antiserum <l !3 ooo dilution in TBST) . 

9. Remove the anti-Ptyr antibody and wash 4 

LTJbbVr- Transier £resuy ^ 

anti-rabMt Ig G antibody to the ELISA plate at 100 „1 per 
well mcuba^ shaklng ^ ^ 

(anti-rabbit i gG antibody: l: 30 00 dilution in TBST^ 

10. Remove detection antibody and wash 4 t<_ 

15 ~« frashiy ~ ™rs=i»:io^: 

ELISA plate, loo „i per w . u . lnCttbat . at 

temperature for 20 minutes. ab*s/h,o, solution: 1.2 „i 
30% H 2 O a xn io ml ABTS stock. 

11. Stop reaction by adding 50 til 5N H so 
2. (optional,, and determine O.D. at 410 n». 

12. The maximal phosphotyrosine signal is 
deterged by subtracting the value of the negative 
controls from the positive controls. Th. percent 
inhibition of phosphotyrosine content for extract- 
's containing wells is then calculated, after subtraction of 

the negative controls. "action pf 



cellular Insulin Receptor ELISA 
. .,1- The following protocol was used to 

3. determine whether the compounds of the present invention 
possessed Win receptor tyrosine kinL-acti^T 

•reacenilT-" ^ 8MS *' ,t '- tellmt °° and 
L7ll ul Tr t0 " MSUra ^tyrosine levels .» 

35 ^vroiT W reCePt ° r tin "«"»' in»ulin receptor 
3S tyrosine kinase activity) : 
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1. The preferred cell line was an NIH3T3 cell line 
(ATCC No. 1658) which overexpresses Insulin Receptor (H25 
cells) ; 

2. H25 cells are grown in an incubator with 5% C0 2 
5 at 37 °C. The growth media is DMEM + 10% FBS (heat 

inactivated) + 2mm L-Glutamine; 

3. For ELISA plate coating, the monoclonal anti-IR 
antibody named BBE is used. Said antibodies was purified 
by the Enzymology Lab, SUGEN, Inc.; 

10 4. D-PBS, comprising: 

KH 2 P0 4 0.20 g/1 (GIBCO, 310-4190AJ) 

K 2 HP0< 2.16 g/1 

KC1 0.20 g/1 

NaCl 8.00 g/1 (pH 7.2); 

15 5. Blocking Buffer: TBST plus 5% Milk (Carnation 

Instant Non-Fat Dry Milk) ; 

6. TBST buffer, comprising: 
Tris-HCl 50mM 

NaCl 150mM pH 7.2 (HCI, 1 N) 

20 Triton X-100 0.1% 

Note: Stock solution of TBS (10X) is prepared, and 
Triton X-100 is added to the buffer during dilution; 

7. HNTG buffer, comprising: 
HEPES 20mM 

25 NaCl 150mM pH 7.2 (HCI, 1 N) 

Glycerol 10% 
Triton x-100 0.2% 
Note: Stock solution (5X) is prepared and kept at 4°C; 

8. EDTA.HCI: 0.5 M pH 7.0 (NaOH) as 100X stock; 
30 9. Na 3 V0 4 : 0.5 M as 100X stock and aliquots are 

kept in -80°C;f ^ 

10- Na 4 P a 0 7 : 0.2 M as 100X stock; 

11. Insulin from GIBCO- BRL (Cat# 18125039); 

12. Polyclonal antiserum Anti-phosphotyrosine: 
35 rabbit sera generated by Enzymology Lab., SUGEN Inc.; 
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loo m DeteCti ° n antib ° dy ' Preferab ^ «oat anti-rabbit 
I9G, POD conjugate, Tago (Cat. No. 4520: Lot No. i 802 ) 
Tago, inc., Burlingame, CA; , * 
14. ABTS solution, comprising: 
5 Citric acid ioo nM 

Na 2 HP0 4 250 mM pH 4.0 (1 N HCI) 

ABTS 0.5 mg/ml 

wherein ABTS is 2 , 2 - Minobis <3-ethylbenathia*oline 
sulfonic a= id , and stored in the dark at 4-c and 
10 discarded when it turns oreen; 

dar* and ,7ToT """" * * «• 

r=o» *" e0e01 " *" £oll °» in 9 fp. are conducted at 
isll TnZTll T WleSS " U ^""^ indicate! 

rinse ill 1,.T toll <> VM one test 

pX to use' ^ ** Wit " ™~ tow.ls 

A « Cell SA^< Hq . 

(» corni^^rrso'^r" 8 

tested with Xrypsin-B,** .o^ "j^ 

p»= . , Resuspend the cells in fresh DMEH + lot 

PBS ♦ 2bm 1,-olutamine, and transfer to 96 - «m t, 

U00 ,,1/well,. The cells are then incubated for [ Z 
Pol ovxna such incubation, 0.01, s.ru, m .dlu. li0/lt U 

and 37 »c overnight. „ 2 

30 B * WfXSA Plat* roat^r, 1T1 " — iriirn 

* C ° at ELISA Plate (Coming 25805-96) 

= ^blocKin, buffer and ^ the plate ^fore 
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C. Assay Procedures 

1. The drugs are. tested in serum-free 

condition . 

2. Dilute drug stock (in 100% DMSO) l:io with 
5 DMEM in 96-well polypropylene plate, and transfer 10 

/xl/well of this solution to the cells to achieve final 
drug dilution l:ioo, and final DMSO concentration of 
1.0%. Incubate the cells in 5% C0 a at 37 °C for 2 hours. 

3. Prepare fresh cells lysis buffer (HNTG*) 
10 HNTG (5x) 2 ml 

EDTA 0.1 ml 

Na 3 v <>« 0.1 ml 

Na 4 P a o, 0.1 ml 

H *° 7.3 ml 

15 HNTG* 10 ml 

4. After drug incubation for two hours, 
transfer 10 Ml/well of i M M insulin in PBS to the cells 
(Final concentration = 100 nM) , and incubate at 5% C0 a at 
37°C for 10 minutes. 

20 5 * Remove media and add 100 /xl/well HNTG* and 

shake for 10 minutes. Look at cells under microscope to 
see if they are adequately lysed. 

6. Using a 12-channel pipette, scrape the 
cells from the plate, and homogenize the lysate by repeat 

25 aspiration and dispense. Transfer all the lysate to the 
antibody coated ELISA plate, and shake for l hour. 

7. Remove the lysate, wash the plate, 
transfer anti-pTyr (1:3,000 with TBST) ioo Ml/well, and 
shake for 30 minutes. 

30 8 * Remove anti-pTyr, wash the plate, transfer 

Tago (1:3,000 with TBST) 100 /xl/well, and shake for 30 
minutes. 

9. Remove detection antibody, wash the plate, 
and transfer fresh ABTS/H a 0 a (1.2 /xl H a 0 a to 10 ml ABTS) 
33 100 Ml/well to the plate to start color development. 
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10. Measure OD in Dynatec MR5000, which is 
connected to Ingres. All following steps should follow 
Ingres instruction. 

5 6.1.7. Experimental Results Prom ELISA 

Assays 

The experimental results for various 
compounds according to the invention using the above- 
described protocols are set forth at Table i: 

10 



15 



20 



25 



30 



35 
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TABLE 1 



20 



COMPOUND 


PDGFR 
IC50 (/iM) 


FIiK-1 
IC50 (fJM) 


EGFR 
IC50 (/iM) 


Kinase 
1 IC50 (uH) 


Iwf " IK 

IC50 (/jM) 


5 SU4312 


19.4 


0.8 






SU4313 


14.5 


18.8 


11 


16.9 


8.0 


SU4314 


12 


0.39 1 1 




SU4793 


87.4 


4.2 1 




SU4794 




11.8 1 




S04798 




28.8 1 




0 SU4799 




9 1 1 




SU4932 




2.2 1 




SU4944 




8.5 j 




SU4952 




22.6 1 




SU4956 




22.5 




SU4967 


7.9 


11.2 | 




5 | SU4979 
| SU4981 


J J • l 


20.9 1 
on! 1 




| SU4982 
| SU4983 
| SU4984 


o * o 


21.6 
4.1 
1.6 




39.4 




| SO5204 
? SO5205 




4 

9.6 I 




90.2 
51.5 




SU5208 




4.7 | 1 




| SU5214 




14.8 | 


36.7 1 






SU5218 




6.4 | 




SU5401 




2 - 9 89.8 




1 OUJ*tU« 




0.4 1 j 




, [« UJ'lUJ 


17 


1.8 1 




SU5405 




0.24 

23.8 1 




SU5406 
S054O7 


53.7 


0.17 1 




SU5408 




1 

0.07 








SU5416 


10,8 ~ 


0.11 | 








1 SP5418 




15.4 T" 








| SU5419 

1 SU5421 ^ 




"~ 2?3 | 
4.6 1 








SU5424 
SU5425 




2.4 | | 
51.4 1 1 




SU5427 
SU5428 




4.5 I 




70.6 




S05430 




8.6 

73.4 L 








1 SU5431 




41.2 |~~ 













25 



30 
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COMPOUND 

SU5432 
SD5450 
SP5451 
SU5453 
SU5455 



65.5 



_4.5 
3.J_ 
0,14 



44 



92.6 



36.2 
0.18 



SU5463 
SU5464 



20.3 

2._7_ 
8.7 
1.5 
7.4 
0.15 
5.3 



10 



SP5466 
SU5468 
SU5472 
SU5473 
SP5474 
SU5477 
SU5480 



86 
S5.9 

14.2 



39.6 



30.4 



15 



6.2. 



Cell Growth Assays 
The following assays may be conducted to 
measure the effect of the claimed compounds upon cell 
^ growth as a result of the compound's interaction with one 
or more RTKs. Unless otherwise specified, the following 
assays may be generally applied to measure the activity 
of a compound against any particular RTK. To the extent 
that an assay, set forth below, refers to a specific RTK 
2s one skilled in the art would be able to adapt the 

disclosed protocol for use to measure the activity of a 
second RTK. 



30 



35 



6.2.1. Soft Agar Assay 

" The soft a **r assay may be used to measure 
the effects of substances on cell growth. Unless 
otherwise stated the soft agar assays were carried out as 
follows: 

- Materia? And Seamen ts . The following materials and 
reagents were used: _ _ - 

*' £t W £o£. bath set at 39«C arid another water bath 
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l» as ? a y roedlum is comprised of 2X Dulbecco's 
5Modified Eagle's Medium (DMEM) (Gibco Cat * 
CA400-4ANO3) supplemented by the following:' 

• 20% Fetal Bovine Serum (FBS) 2 mM 
sodium pyruvate 4 mM glutamine amine; 
5 and 

!™Ji! 0 iX HEPES Non-essential Amino Acids (1:50 
from loox stock) . 1 

c ix assay medium made of lx DMEM supplemented 
with 10% fbs, 1 mM sodium pyruvate? 2 mM 

10 SiyS^^fAn 1 ! m ? EPES ' non -essential amino 

acid (1:100 from loox stock). 

d. 1.6% SeaPlaque Agarose in autoclave bottle. 
*' Stf^JoiLr C ° rning PlatSS (FMC Bi °Products 

f. Sterile 5 ml glass pipets (individually 
wrapped) . * 

g * tubis 16 15 ml 50 Bil conical centrifuge 

h. Pipets and sterile tips. 

i. Sterile microcentrifuge tubes, 
j. Cells in T75 flasks: SKOV-3 (ATCC HTB77) . 

0.25% Trypsin solution (Gibco #25200-015) . 



15 



20 



k 



25 Procedure. The following procedure was used to 

conduct the soft agar assay: 

A * Procedure for maHpr, the ba<? «> i»y ^ 

1. Have all the media warmed up in the 37 «c 
water bath. 

30 2 To **** "-of assay medium + 0.8% agar: 

make a 1:2 (vol:vol) dilution of melted agar (cooled to 
39»C), with;2X assay medium. 

■i V Kee P a11 ffledia with agar warm in the 39* C 

> water bath when not in use. 

Dls P e nse 1 ml ofs ix assay medium + 0.8% 



3«W ^"'^"41 

' j* - ■ 

agar into dishes and gently swirl plate to form a uniform 
base layer. Bubbles should be avoided. 
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5. Refrigerate base layers to solidify (about 
20 minutes) . Base layers can be stored overnight in the 
refrigerator. 

B ' Procedure for rnl i opting npl i e 
« 1. Take out one flask per cell line from the 

incubator; aspirate off medium; wash once with PBS and 
aspxrate off; add 3 ml of trypsin solution. 

«u i i I' ° ellS dissociate ««» the flask, 

add 3 ml of ix assay media to inhibit trypsin activity 
10 Pipet the cells up and down, then transfer the suspension 
into a 15ml tube. n 

3. Determine the concentration of cells using 
a Coulter counter, and the viability by trypan blue 
exclusion. 

15 • 4 ' Take out appropriate volume needed to 
seed 33 00 viable cells per plate and dilute it to 1. 5 mi 
with ix assay medium. 

laver ^ Procure for man™ ^ „ rr ^ aq 

20 ^ • , lm Add TBST com Poun<as at twice the desired 
final assay concentration; + 1.5 ml of cell suspension in 
IX assay medium 10 % FBS; + 1<B ml of 1X assay 
0.8% agarose-: Total - 3.0 ml IX media 10% FBS + 0 4% 

25 cir 80 / 1 ^ 33<>0 ViaWe CellS/tt1 ' Wlth and TEST 
25 compounds, 

'(Made by 1:2 dilution of 2X media with 1.6% agar 30 
for the base layer procedure above.) 

^ , 2 * PlatS 1 nl ° f **• AM| V Mix onto the 1 mi 
base layer. The duplicates are plated from the 3 ml 
30 volume. r 

,«n* v ; 3 " Incubate the dishes for 2-3 weeks in a 
100% humidified, 10% co 2 incubator: 

4. colonies that are 60 microns and larger 
are scored positive. ,j * 

35 
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6.2.2* Sulforhodamine B (SRB) Growth Assays 

The SRB assays may be used to measure the 
effects of substances or cell growth. The assays are 
carried out as follows: 
5 Assay l: 3T3/E/H+TGP-a(T) cell Growth SRB Assay 
Materials : 

96-well flat bottom sterile plates 
96-well round bottom sterile plates 
sterile 25 ml or 100 ml reservoir 
10 pipets, multi-channel pipetman 
sterile pipet tips 
sterile 15 ml and 50 ml tubes 

Reagents : 
15 0.4% SRB in 1% acetic acid 
10 mM Tris base 
10% TCA 

1% acetic acid 
sterile DMSO (Sigma) 
20 compound in DMSO (100 mM or less stock solution) 

25% Trypsin-EDTA in Cell Dissociation Solution (Sigma) 

Cell line and growth medium: 

3T3/E/H+TGF-a(T) (NIH 3T3 clone 7 cells expressing EGF- 
25 R/HER2 chimera and TGF-a, tumor-derived autocrine loop 
cells) 

2% calf serum/ DMEM + 2 mM glutamine 

Protocol: 
30 Day 0: Cell Plating: 

This part of assay is carried out in a laminar flow hood. 

1. Trypsinize cells as usual. Transfer 100 /xl of 
cell suspension to 10 ml of isotorie. Count cells with 
35 the Coulter Counter. 
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2. Dilute cells in growth medium to 60,000 
cells/ml. Transfer 100 „i of cells to each well in a 96- 
well flat bottom plate to give 6000 cells/well. 

3. use half of plate (4 rows) for each compound and 
5 quadruplicate wells for each compound concentration a 

controV WellS C ° ntr01 ^ 4 WellS f ° r D * S0 

4. Gently shake plates to allow for uniform 
attachment of the cells. 

10 5. incubate the plates at 37'C in a 10% C02 

incubator. 

Day l: Addition of Compound: 
^ This part of assay is carried out in a laminar flow hood. 

1. In 96 well-round bottom plate, add 125 M l of 
growth medium to columns 3 to li. This plate is used to 
titrate out the compound, 4 rows per compound. 

2a ^ J\ ^ a SterilS " Ml tUbe ' a 2X so^tion of ' 

20 the highest concentration of compound by adding 8 M l of 
the compound to a total of 2 ml growth medium for a 

6f nM S T.° f 1:25 °- At ^ dilUti ° n ' the —entration 

on Z V"" ^ 4 ^ SOlUti ° n W °' 2% 1X 
on the cells. The starting concentration of the 

25 compound is usually 100 uM but this concentration may 
vary depending, upon the solubility of the compound 

3 Transfer the 2X starting compound solution to 
quadruplicate wells in column 12 of the 96-well round 
bottom plate. Do i: 2 serial dilutions across the plate 

30 from right tp, left by transferring 12 5 ,1 from coll 12 
to column li, column n to 10 and so on. Transfer 100 M l 
of compound dilutions onto 100 M I medium on cells in 
corresponding wells of 96-well flat bottom plate. Total 
volume per well should be 200 m. 

^ DMSO a* n ? !r VehlCle COntr<>1 ' PrePare * 2X SOlUtio » «f 
DMSO at 0.4% DMSO in growth medium. Transfer 100 M l of 
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the DMSO solution to the appropriate wells of cells. The 
final concentration of DMSO is 0.2%. 

5. For the medium control wells, add 100 ^1/well of 
growth medium to the appropriate wells of cells. 

6. Return the plate to the incubator and incubate 
for 4 days. 



Day 5: Development of Assay 

This part of assay is carried out on the bench. 

10 

1. Aspirate or pour off medium. Add 200 /il cold 
10% TCA to each well to fix cells. Incubate plate for at 
least 60 min. at 4°C. 

2. Discard TCA and rinse wells 5 times with water. 
X5 Dry plates upside down on paper towels. . 

3. Stain cells with 100 Ml/well 0.4% SRB for 10 

min . 

4. Pour off SRB and rinse wells 5 times with 1% 
acetic acid. Dry plates completely upside down on paper 

20 towels. 

5. Solubilize dye with 100 /il/well 10 mM Tris base 
for 5-10 min. on shaker. 

6. Read plates on Dynatech ELISA Plate Reader at 
570 nm with reference at 630 nm. 

25 

Assay 2: 3 T3 / EGF— R+TGF-a ( T ) Cell Growth SRB Assay 

Materials and Reagents same as for Assay 1. 
Cell line and growth medium: 
30 3T3/EGF-R+TGF-a(T) (NIH 3T3 clone 7 cells expressing EGF- 
R and TGF-a r > tumor-derived autocrine loop cells) 
2% calf serum/ DMEM + 2 mM glutamine 

Protocol: ^ 
35 Day 0: Cell Plating: 

This part of assay is carried out in. a laminar flow/ hood. 
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1. Trypsin!*, cells as usual, teansfer loo „1 of 
the Coulter Counter. 
5 W1Ute ° eUs in 9rowth to «"-000 

well flat bottom plate to give 6000 cells/well, 
quaarupuoate wells for each compound concentration a 

» zz: weiis tor ™ «- < — *- ~ 



IS 



°ay 1: Addition of Compound: same as for Assay l. 
Days, Development of Assay: same as for Assay !. 

CeU Unft and m-n^ -Minnr ay 

a^i^cT " PDCP " BB ' ^ <— ~- 
25 2% calf serum/DMEM + 2 inM glutamine 

Protocol- 

Dav Ot n~, x p lfti . irtf] . 
30 ^ Part ° f 35597 i8 Ca - ied ^ a laminar flow hood. 

en- 1 " Tr2 T SiniZe Cells as Transfer 200 Ml of 

cell suspension to 10 ml of i sot „ n o „ ^ 

Coulter counter. ^ CellS on «» 

35 fl.iw*, DUUte C6llS in » ediu » ^ 60,000. 

35 cells/ml. Transfer 100 ul of cen« 

well tia* , cells to each well in a 96- 

well flat bottom plate to give 6000 cells/well. 
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3. Allow half of plate (4 rows) for each compound 
and quadruplicate wells for each compound concentration, 
a set of 4 wells for medium control and 4 wells for DMSO 
control. 

4. Gently shake plates to allow for uniform 
attachment of the cells to the plate. 

5. Incubate the plates at 37 °c in a 10% C0 2 
incubator. 



10 Day l: Addition of Compound: same as for Assay l. 

Day 5: Development of Assay: same as for Assay 1. 

Assay 4: Human Smooth Muscle Cells (SMC) Growth SRB 
15 Assay 

Materials and Reagents same as for Assay l: 

Cell line and growth medium: 

Human Aortic Smooth Muscle cells (Clonetics) 
20 Clonetics 's Bullet Kit: Smooth Muscle Basal Medium 

(SmBM) which is modified MCDB 131 containing fetal bovine 
serum (5%), hFGF (2ng/ml) , hEGP (o.i ng/ml) , insulin (5.0 
ug/ml) , gentamicin (50ug/ml) and amphotericin B (50 
ng/ml) 

25 

Protocol: 

Day 0: Cell plating: 

This part of assay is carried out in a laminar flow hood. 

30 1; Trypsinize cells as usual. Transfer 200 Ml of 
cell suspension to 10 ml of isotone. count cells on the 
Coulter Counter. 

2. Dilute cells in growth medium to 20,000 
cells/ml. Transfer 100 nl of cells to each well in a 96- 

35 well flat bottom plate to give 2000 cells/wellr 

3. Allow half of plate (4^ rows) for each compound 
and quadruplicate wells for each compound concentration, 
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a set of 4 wells for medium control and 4 wells for DMSO 
control. 

4. Gently shake plates to allow for uniform 
attachment of the cells to the plate. 

5 5. Incubate the plates at 37 »C in a 10% C02 

incubator . 

Day i: Addition of Compound: same as for Assay 1. 

10 Day 5: Development of Assay: same as for Assay 1. 

6.2.3. 3T3 Cell Growth Assay 
Assay it PDGP-induced Brdu Incorporation Assay 

Materials an d Rfiac pnfrc« 

IS (i) pdgp: human PDGF b/B; 1276-956, Boehringer 

Mannheim, Germany 

(2) BrdU Labeling Reagent: 10 mM, in PBS 
(PH7.4), cat. No. 1 647 229, Boehringer 
Mannheim, Germany. 

(3) FixDenat: fixation solution (ready to use), 
cat. no. i 647 229, Boehringer Mannheim, 
Germany. 

(4) Anti-Brdu-POD: mouse monoclonal antibody 
conjugated with peroxidase, Cat. No. 1 647 229 
Boehringer Mannheim, Germany. ' 

(5) tmb Substrate Solution: 
tetramethylbenzidine (TMB) , ready to use, Cat. 
No. i 647 229, Boehringer Mannheim, Germany. 

(6) .~ PBS washing Solution : ix PBS, p H 7.4, made 
30 in house. 

(7) Albumin, Bovine (BSA) : fraction V powder; A- 
*■ 8551 » Sigma Chemical Co., USA. 

Protoegi. _ 

35 3T3 engineered cell line: 3T3/BGFRC7.' 



20 



25 



(2) Cells are seeded at 8000 cells/well in 
DMEM, 10% cs, 2mM Gin in a 96 well plate. Cells 
are incubated overnight at 37 °C in 5% C0 2 . 

(3) After 24 hours, the cells are washed with 
PBS, and then are serum starved in serum free 
medium (0%CS DMEM with 0.1% BSA) for 24 hours. 

(4) on day 3, ligand (PDGF=3.8 nM, prepared in 
DMEM with 0.1% BSA) and test compounds are 
added to the cells simultaneously. The 
negative control wells receive serum free DMEM 
with 0.1% BSA only; the positive control cells 
receive the ligand (PDGF) but no test compound. 
Test compounds are prepared in serum free DMEM 
with ligand in a 96 well plate, and serially 
diluted for 7 test concentrations. 

(5) After 20 hours of ligand activation, 

diluted BrdU labeling reagent (1:100 in DMEM, 
0.1% BSA) is added and the cells are incubated 
with BrdU (final concentration^ 0 jiM) for 1.5 
hours . 

(6) After incubation with labeling reagent, the 
medium is removed by decanting and tapping the 
inverted plate on a paper towel. FixDenat 
solution is added (50 /il/well) and the plates 
are incubated at room temperature for 45 
minutes on a plate shaker. 

(7) The FixDenat solution is thoroughly removed by 
decanting and tapping the inverted plate on a 
paper. towel. Milk is added (5% dehydrated milk 
in PBS,. 200 Ml/well) as a blocking solution and 
the plate is incubated for 30 minutes at room 
temperature on a plate shaker. 

(8) The blocking solution is removed by decanting 
and the wells are washed once with PBS. Anti- 
BrdU-POD solution (1:100 dilution in PBS, 1% 
BSA) is added (100 /il/well) and the plate is 
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incubated for 90 minutes at room temperature on 
a plate shaker. 
(9) The antibody conjugate is thoroughly removed by 
decanting and rinsing the wells 5 times with 
PBS, and the plate is dried by inverting and 
tapping on a paper towel. 
(10) TMB substrate solution is added (loo Ml/well) 
and incubated for 20 minutes at room 
temperature on a plate shaker until color 
development is sufficient for photometric 
detection. 

(ID The absorbance of the samples are measured at 
410 nm (in "dual wavelength- mode with a filter 
reading at 490 nm, as a reference wavelength) 
, on a Dynatech ELISA plate reader. 

Assay 2: EGP-induced BrdU Incorporation Assay 

Material^ and Pe ar ^. 
20 (1) EGP: mouse EGP, 201; Toyobo,Co., Ltd. Japan 

(2) BrdU Labeling Reagent: io mM, in PBS 

(PH7.4), cat. No. i 647 229, Boehringer 
Mannheim, Germany. 
. (3) PixDenat: fixation solution (ready to use) , 

Cat. No. i 647 229, Boehringer Mannheim, 
.... Germany. 

(4) Anti-BrdU-POD: mouse monoclonal antibody 

conjugated with peroxidase, cat. No. i 647 229 
Boehringer Mannheim, Germany. ' 
30 (5) TMB Substrate Solution: 

tetramethylbenzidlne (TMB) , ready to use, Cat 
No. i 647 229, Boehringer Mannheim, Germany. 
(H PBS washing Solution : ix PBS, pH 7.4, made 
: /-sin house. 



35 



(7) Albumin, Bovine (BSA) : fraction V powder; A- 
8551, Sigma Chemical Co., USA. 



- 88 - 



WO 96/40116 



PCT/US96/08903 



Protocol 

(1) 3T3 engineered cell line: 3T3/EGFRc7 

(2) Cells are seeded at 8000 cells/well in 
10% CS, 2mM Gin in DMEM, in a 96 well plate. 
Cells are incubated overnight at 37 °c in 5% C0 2 . 

(3) After 24 hours, the cells are washed with 
PBS, and then are serum starved in serum free 
medium (0%cs DMEM with 0.1% BSA) for 24 hours. 

(4) on day 3, ligand (EGF=2 nM, prepared in 
DMEM with 0.1% BSA) and test compounds are 
added to the cells simultaneously. The 
negative control wells receive serum free DMEM 
with 0.1% BSA only; the positive control cells 
receive the ligand (EGF) but no test compound. 
Test compounds are prepared in serum free DMEM 
with ligand in a 96 well plate, and serially 
diluted for 7 test concentrations. 

5) After 20 hours of ligand activation, 
diluted BrdU labeling reagent (1:100 in DMEM, 
0.1% BSA) is added and the cells are incubated 
with BrdU (final concentration=10 MM) for 1.5 
hours . 

6) After incubation with labeling reagent, the 
medium is removed by decanting and tapping the 
inverted plate on a paper towel. FixDenat 
solution is added (50 fil/well) and the plates 
are incubated at room temperature for 45 
minutes on a plate shaker. 

(7) The FixDenatisolution is thoroughly removed 
by decanting, and tapping the inverted plate on 
a paper towel. Milk is added (5% dehydrated 

• t- 111 - 1 * in PBS ' 200 ^I/well) as a blocking 
solution and the plate is incubated for 30 
minutes at room temperature on a plate shaker. 

(8) The blocking solution is removed by decanting 
and the wells are washed once with PBS. Anti- 
BrdO-POD solution (i:ioo dilution in PBS, 1% 
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BSA) is added (ioo /»l/well) and the plate is 
incubated for 90 minutes at room temperature on 
a plate shaker. 
(9) The antibody conjugate is thoroughly removed by 
decanting and rinsing the wells 5 times with 
PBS, and the plate is dried by inverting and 
tapping on a paper towel. 

(10) TUB substrate solution is added (100 /U/well) 
and incubated for 20 minutes at room 
temperature on a plate shaker until color 
development is sufficient for photometric 
detection. 

(11) The absorbance of the samples are measured at 
410 nm (in "dual wavelength- mode with a filter 
reading at 490 nm, as a reference wavelength) 
on a Dynatech ELISA plate reader. 

Assay 3: EGF-induced Her* -Driven BrdU Incorporation 

Material a and Pb.^ . 

2° (l) EGF: mouse EGP, 201; Toyobo,Co., Ltd. Japan 

(2) BrdU Labeling Reagent: 10 mM, in PBS 

(PH7.4), cat. No. i 647 229, Boehringer 
Mannheim, Germany. 

(3) FixDenat: fixation solution (ready to use) , 
Cat. No. i 647 229, Boehringer Mannheim, 
Germany ♦ 

(4) Anti-BrdU-POD: mouse monoclonal antibody 
conjugated with peroxidase, Cat. No. 1 647 229 
Boehringer Mannheim, Germany. 

30 (5) TMB Substrate solution: 

tetramethylbenzidine (TMB), ready to use, cat 
No. i 647 229, Boehringer Mannheim, Germany. 
, (6) PBS- Washing solution : ix PBS, p H 7.4, made 
In house. iT 
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(7) Albumin, Bovine (BSA) 1 : "» fraction V powder; A- 
8551, Sigma Chemical Co., J &si. 



- 90 - 



WO 96/40116 



PCI7US96/08903 



Protocol : 

(1) 3T3 engineered cell line: 

3T3/EGFr/Her2/EGFr (EGFr with a Her2 kinase 
domain) 

5 (2) Cells are seeded at 8000 cells/well in 

DMEM, 10% CS, 2mM Gin in a 96- well plate. 
Cells are incubated overnight at 37° in 5% co a . 

(3) After 24 hours, the cells are washed with 
PBS, and then are serum starved in serum free 

10 medium (0%CS DMEM with 0.1% BSA) for 24 hours, 

(4) On day 3, ligand (EGF=2 nM, prepared in 
DMEM with 0.1% BSA) and test compounds are 
added to the cells simultaneously. The 
negative control wells receive serum free DMEM 

15 with 0-1* BSA only; the positive control cells 

receive the ligand (EGF) but no test compound. 
Test compounds are prepared in serum free DMEM 
with ligand in a 96 well plate, and serially 
diluted for 7 test concentrations. 

20 5 > After 20 hours of ligand activation, 

diluted BrdU labeling reagent (1:100 in DMEM, 
0.1% BSA) is added and the cells are incubated 
with BrdU (final concentration=10 fM) for 1.5 
hours . 

25 (6) After incubation with labeling reagent, the 

medium is removed by decanting and tapping the 
inverted plate on a paper towel. FixDenat 
solution is added (50 /xl/vell) and the plates 
are incubated at room temperature for 45 

30 minutes on a plate shaker. 

(7) The FixDenat solution is thoroughly removed by 
decanting and tapping the inverted plate on a 
paper towel. Milk is added (5% dehydrated milk 
in PBS, 200 Ml/well) as a blocking solution and 

35 * Plate is incubated for 30 minutes at room 

temperature on a plate shaker. 
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(8) The blocking solution is removed by decanting 
and the wells are washed once with PBS. Anti- 
BrdU-POD solution (i:ioo dilution in PBS 1% 
BSA) xs added (ico ^1/well) and the plate is 
mcubated for 90 minutes at room temperature on 
a plate shaker. 

(9) The antibody conjugate is thoroughly removed by 
decantxng and rinsing the wells 5 times with 
PBS, and the plate is dried by inverting and 
ta PPing on a paper towel 

(10) TKB substrate solution is added (loo M l/well, 
and incubated for 20 minutes at room 
temperature on a pi ate shaker until color 
development is sufficient for photometric 

" detection. 

(11) The absorbance of the samples are measured at 
410 nm (in "dual wavelength" mode with a filter 
reading at 490 nm, as a reference wavelength, 

2o ° n a Dynatech EL1SA plate reader. 

assay 4: iGPx-xnduced BrdU Incorporation Assay 
Materlale and Poa^^. 

(1) IGP1 Ligand: human, recombinant; G5ii, Pro^ 
Corp, USA. y 

25 (2) BrdU Labeling Reagent: io mM, in PBS 

(PH7.4), cat. No. i 647 229, Boehringer 
Mannheim, Germany. 
(3) FixDenat: fixation solution (ready to use, 
Cat. No. i 647 229, Boehringer Mannheim, 

JO ; Germany. 

(4, .Anti-BrdU-POD: mouse monoclonal antibody 

conjugated with peroxidase, cat. no. ! 647 229, 
Boehringer Mannheim, Germany. 

(5, .TMB Substrate Solution: 

teteamethylbenzidine (TMB,, ready to use, Cat. 
No. i 647 229, Boehringer Mannheim, Germany. 
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(6) PBS Washing Solution : IX PBS, pH 7.4, made 
in house. 

(7) Albumin, Bovine (BSA) : fraction V powder; A- 
8551, Sigma Chemical Co., USA. 

5 

Protocol ; 

(1) 3T3 engineered cell line: 3T3/IGFlr. 

(2) Cells are seeded at 8000 cells/well in 
DMEM, 10% CS, 2mM Gin in a 96- well plate. 
Cells are incubated overnight at 37 °C in 5% C0 a . 

(3) After 24 hours, the cells are washed with 
PBS, and then are serum starved in serum free 
medium (0%CS DMEM with 0.1% BSA) for 24 hours. 

(4) On day 3, ligand (IGF1=3.3 nM, prepared in 
DMEM with 0.1% BSA) and test compounds are 
added to the cells simultaneously. The 
negative control wells receive serum free DMEM 
with 0.1% BSA only; the positive control cells 
receive the ligand (IGF1) but no test compound. 
Test compounds are prepared in serum free DMEM 
with ligand in a 9 6. well plate, and serially 
diluted for 7 test concentrations. 

5) After 16 hours of ligand activation, 

diluted BrdU labeling reagent (1:100 in DMEM, 
25 BSA > is added and the cells are incubated 

with BrdU (final concentration»l0 MM) for 1.5 
hours . 

(6) After incubation with labeling reagent, the 
medium, is removed by decanting and tapping the 
30 inverted plate, on a paper towel. FixDenat 

solution is added (50 Ml/well) and the plates 
are incubated at room temperature for 45 
minutes on a plate shaker. 
(7) The FixDenat solution is thoroughly removed by 
decanting and tapping the inverted plate on a 
paper towel.; Milk is-added (5% dehydrated milk 
in PBS, 200 Ml/well) as a blocking solution and 
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the plate is incubated for 30 minutes at room 
temperature on a plate shaker. 

(8) The blocking solution is removed by decanting 
and the wells are washed once with PBS. Anti- 
BrdU-POD solution (i:ioo dilution in PBS, i% 
BSA) is added (ioo Ml/well) and the plate is 
incubated for 90 minutes at room temperature on 
a plate shaker. 

(9) The antibody conjugate is thoroughly removed by 
decanting and rinsing the wells 5 times with 
PBS, and the plate is dried by inverting and 
tapping on a paper towel. 

(10) TMB substrate solution is added (ioo /il/well) 
and incubated for 20 minutes at room 
temperature on a plate shaker until color 
development is sufficient for photometric 
detection. 

(11) The absorbance of the samples are measured at 
410 nm (in -dual wavelength- mode with a filter ' 
reading at 490 nm, as a reference wavelength) 

on a Dynatech ELISA plate reader. 



assay 5, insulin-induced BrdU Incorporation Assay 

Materials and Poa^^. 

25 (1) insulin: crystalline, bovine, zinc; 13007, 

Gibco BRL, USA. 
(2) BrdU Labeling Reagent: io mM, in PBS 

(PH7.4), cat. No. i 647 229, Boehringer 
„ Mannheim, Germany. 

(3) PixDenat: fixation solution (ready to use) , 
Cat. No. i 647 229, Boehringer Mannheim, 
Germany. 

(4) Anti-BrdU-POD: mouse monoclonal antibody 
conjugated with peroxidase /cat. No. i 647 229 
Boehringer Mannheim, Germany. ' 
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(5) TMB Substrate Solution: 
tetramethylbenzidine (TMB) , ready to use, Cat. 
No. 1 647 229, Boehringer Mannheim, Germany. 

(6) PBS Washing Solution : IX PBS, pH 7.4, made 
5 in house. 

(7) Albumin, Bovine (BSA) : fraction V powder; A- 
8551, Sigma Chemical Co., USA. 

Protocol : 

10 (1) 3T3 engineered cell line: H25 

(2) Cells are seeded at 8000 cells/well in 
DMEM, 10% CS, 2mM Gin in a 96 well plate. Cells 
are incubated overnight at 37 °C in 5% C0 2 . 

(3) After 24 hours, the cells are washed with 
15 PBS, and then are serum starved in serum free 

medium (0%CS DMEM with 0.1% BSA) for 24 hours. 

(4) On day 3, ligand (Insulin=10 nM, prepared 
in DMEM with 0.1% BSA) and test compounds are 
added to the cells simultaneously. The 

20 negative control wells receive serum free DMEM 

with 0.1% BSA only; the positive control cells 
receive the ligand (Insulin) but no test 
compound. Test compounds are prepared in serum 
free DMEM with ligand in a 96 well plate, and 

25 serially diluted for 7 test concentrations. 

(5) After 16 hours of ligand activation, 
diluted BrdU labeling reagent (1:100 in DMEM, 
0.1% BSA) is added and the cells are incubated 
with BrdU (final concentration=10 /iM) for 1.5 

30 hours. 

(6) After incubation with labeling reagent, the 
medium is removed by decanting and tapping the 
inverted plate on a paper towel. PixDenat 

1 solution is added (50 Ml/well) and the plates 

35 are incubated at room temperature for 45 

minutes on a plate shaker 5 
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(7) The FixDenat solution is thoroughly removed by 
decantxng and tapping the inverted plate on a 
Paper towel. Mi i k is a<Jded (5% 
in PBS, 200 ul/welli « a K1 * Vitatea «.« 

5 thA „, \ ^^ well > as a blocking solution and 

the plate is incubated for 30 minutes at room 
temperature on a plate shaker. 

21 ^° Cki ? g SOlUti ° n iS reBOVed b * d — ting 
and the wells are washed once with PBS. Anti- 

BrdU-POD solution (i :10 o dilution in PBS, i* 
BSA, is added (100 ^I/well, and the pla^ is 
.ncubated for 90 minutes at room temperature on 
a plate shaker. 

(•) The antibody conjugate is thoroughly renoved by 
Ranting and rinsing the wells 5 ti^ , ith 
PBS, a„d the plate is dried by inverting and 
tapping on a paper towel. 

(10) TMB substrate solution is , 

. xucion is added (ioo Ml/well) 

and incubated for 20 minutes at room 
temperature on a plate shaker until color 
development is sufficient for photometric 
detection. 

(11) The absorbance of the samples are measured at 
410 nm (in "dual wavelength - mode with a filter 

2 2 ^ 38 " reference ^ elength, 

on a Dynatech ELISA plate reader. 

6.2.4. HUV-ec-c Assay 

uae „ + The Allowing protocol may also be 

used to measure a compound's activity 
30 DAY O *' 

_ 1. Wash and trypsin^ HUV-EC-c cells (human 

S^rlT^ 1 - CellS ' ^an Type "iture 
D^lT / Catalo ^ e no « 1730 CRL) . wash with 

1 nl/lTZ^', ^ 14I90 -°«) ^ times at about 
0.05% trypsin-EOTA : in non-enzymatic cell dissociation 
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solution (Sigma Chemical Company; catalogue no. C-1544) . 
The 0.05% trypsin was made by diluting 0.25% trypsin/1 mM 
EDTA (Gibco; catalogue no. 25200-049) in the cell 
dissociation solution. Trypsinize with about l ml/25-30 
5 cm a of tissue culture flask for about 5 minutes at 37»c. 
After cells have detached from the flask, add an equal 
volume of assay medium and transfer to a 50 ml sterile 
centrifuge tube (Fisher Scientific; catalogue no. 05-539- 
6). 

10 2. Wash the cells with about 35 ml assay medium in 

the 50 ml sterile centrifuge tube by adding the assay 
medium, centrifuge for 10 minutes at approximately 200xg, 
aspirate the supernatant, and resuspend with 35 ml D-PBS. 
Repeat the wash two more times with D-PBS, resuspend the 

15 cells in about l ml assay medium/ 15 cm 2 of tissue culture 
flask. Assay medium consists of F12K medium (Gibco BRL; 
catalogue no. 21127-014) + 0.5% heat-inactivated fetal 
bovine serum. Count the cells with a Coulter Counter*v 
Coulter Electronics, Inc.) and add assay medium to the 

20 cells to obtain a concentration of 0.8-1. 0x10 s cells/ml. 

3. Add cells to 96-well flat-bottom plates at 100 
Ml/well or 0.8-1.0x10* cells/well; incubate 
-24h at 37°C, 5% C0j. 
DAY 1 

25 l. Make up two-fold drug titrations in separate 

96-well plates, generally 50 jiM on down to 0 /iM. Use the 
same assay medium as mentioned in day 0, step 2 above. 
Titrations are made by adding 90 Ml/well of drug at 200 
MM (4X the final well concentration) to the top well of a 

30 particular plate column. Since the stock drug 

concentration is usually 20 mM in DMSO, the 200 /iM drug 
concentration contains 2% DMSO. 

Therefore, diluent made up to 2% DMSO in assay 
medium (P12K + 0.5% fetal bovine serum) is used as 

35 diluent for the drug titrations in order to dilute the 
drug but keep the DMSO concentration constant. ' Add this 
diluent to the remaining wells in the column at 60 
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Ml/well. Take 60 „i from the 120 M l of 200 m drug 

To TZ t: ^ Wel1 ° f ^ C ° 1Uffin and »~ with the 
60 Ml in the second well of the column. Take 60 M i from 
this well and mix with the 6o ^ ^ ^ Ml 

5 column, and so on until two-fold titrations are 

ITITT^ WhSn neXt - to - th -^st well is mixed, take 
60 .1 of the 120 mi in this well and discard it. Leave 
the last well with 60 „i of DMSO/media diluent as a nln- 
drug-containing control. Make 9 columns of titrated 
10 drug, enough for triplicate wells each for i, VEGP 

(obtained from Pepro Tech inc., catalogue no. 100-200 2 > 

atdtii: 1 t growth factor (ecgf) " is ° *»™ 

acidic fibroblast growth factor, or aFGF) (obtained from 

xs iT,T r T heim Biochemica ' catai °^ «• -0 : 

^^LTZ^T 01 ' ECGF comes as a ™- 

the ,1' J ranSfer 50 " 1/We11 ^e drug dilutions to 
the 96-well assay plates containing the 0.8-l.0xl0« 
cells/loo Ml/well of the huv-ec-c cells from day 0 and 
20 incubate -2 h at 37°c, 5% CO 



J 2- 

3. 



™ , , In tr±plicate ' add 50 Ml/well of 80 Mg/ml VEGP 

A X thTd P ' ° r ^ C ° ntr01 ^ — -ditW ' 

As with the drugs, the growth factor concentrations are 

25 TroTl n lred final COncent «tion. Use the assay media 
25 from day 0 step 2 to make the concentrations of growth 
factors, incubate approximately 24 hours at 37-c, 5% CO 
Each well win- have 50 M l drug d ilutio „, 50 ,1 " 

Thus the 4X concentrations of drugs and growth factors 
30 become 1X once everything, has been added to the veils 

686) t , (Anershaa; catalogue no. T*K- 

686, at 1 M ci/well (10 Ml/well of i 00 M ci/ml solution 
»ade up in RPMI media + 10% heat-inactivated W^vine 

"vmidi and . inCUbate " 2A h 37 ° C ' 5 * ^ Note: ^ 
thymidine is made up in *pmi media- because air of the 
other applications for which we use the ^-thymidine 
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involve experiments done in RPMI. The media difference 
at this step is probably not significant, rpmi was 
obtained from Gibco BRL, catalogue no. 11875-051. 
DAY 3 

5 1. Freeze plates overnight at -20°C. 

DAY 4 

1. Thaw plates and harvest with a 96-well plate 
harvester (Tomtec Harvester 96"") onto filter mats 
(Wallac; catalogue no. 1205-401); read counts on a Wallac 
10 Betaplate™ liquid scintillation counter. 

6.2.5. pdgp-r cellular Assay 

The PDGF cellular kinase assay was carried out as 

follows: cells are lysed in 0.2 M Hepes, 0.15 H NaCl, 10% 

15 V/V glycerol, 0.04% Triton X-100, 5 mM EDTA, 5 mM sodium 

vanadate and 2 mM Na+ pyrophosphate; cell lysates are 

then added to an ELISA plate coated with an anti-PDGF 

receptor antibody (Genzyme) ; ELISA plates are coated at 

0.5 fig of antibody/well in 150 nl of PBS for 18 hours at 

20 4»C prior to the addition of the lysate; the lysate is 

incubated in the coated plates for l hour and then washed 

four times in TBST (35 mM Tris-HCl pH 7.0, 0.15 m NaCI, 

0.1% Triton X100); anti-phosphotyrosine antibody (100 m 

in PBS) is added and the mixture is incubated for 30 

25 minutes at room temperature; the wells were then washed 

four times in TBST, a secondary antibody conjugated to 

POD (TAGO) is added to each weil, and the treated well 

are incubated for 30 minutes at room temperature; the 

wells are then washed four times in TBST, ABTS /HjO a 

30 solution is added to each well and the wells are 

incubated" for two minutes; absorbance is then measured at 
410 nm. 



35 
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6 * 2 " 6 ' S5 lMl1 * 1 RSSUltS 0f Cel1 growth 

from «, k ReSUltS Vari ° US COn, P ounds obtained 
from the above-described assays are set forth in the 
Tables that follow: 

TABLE 2 

Mitogenesis in Endothelial Cell.* 
[SHJThyiaidine Incorporation 



10 



15 



20 



SU4312 
SU4314 
SU4793 
SU4794 
SU4796 
SU4798 
SU4799 
SU4932 
SU4942 
S04944 
SU4949 
SU4952 
SU4956 
SU4967 
SU4972 
SU4979 
SU4981 
SU4982 
SU4984 
SU5201 
SU5204 
SU5205 
SU5208 
SU5217 



HUV-EC 
VEGF (fiM) 



1.1 
0.2 
6.6 
4.8 
30.7 
43.2 
19.9 
2.5 
1.6 
14.8 
3.4 
25.6 
8.0 
34.3 
1.0 
4.4 
0.6 
46.1 
0.8 
2.5 
2.3 
5.1 
2.9 
9.6 



Assay 
a-FGF (uM) 



153.8 
6.0 
3.4 
35.7 
35.8 



45.2 
4.6 



3.7 
19.3 
13.0 
16.3 
1.4 
4.9 



27.3 
25.8 

2.3 

0.7 
11.8 

130 
10.5 
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COMPOUND 


HUV-EC Assay 
VEGF luM) a-FGF (uM\ 


SU5480 


!-2 | 3.8 



10 



15 



20 



25 



30 



TABLE 1 

Mitogenesis in 3T3/EGFR Cells 
BrdU Incorporation 



J COMPOUND 


PDOFR 
PDGF Ligand 
IC50 (/iM) 


FOFR 
FOF Ligand 
1C50 (tan 


EOFR 
BOP Ugand 
IC50 (um\ 


1 SU4312 


75 1 






SP4313 


6 [ 










5.5 1 


5.5 J 


SD4314 


2.5 1 




SU4967 


9 T 










4.9 1 


60 1 


SU4981 








3 [ 


10 1 


20 1 


1 SOS402 


50 1 


40 1 


I SO5404 


3 1 


25 1 




1 SD5406 


5.2 I 




SO5407 


7.5 1 


70 1 


100 | 


J SP5416 


2.8 1 


70 \ 


S05451 


30 T 


16 | 




SD5463 
SU5464 
SP5465 
SP5466 

SP546S 

5P5469 - - 
SP5473 . - 
SOS475 


70 1 
40 1 
18 I 

„" " ' 8 | 
4 1 
4 | 
6.5- - [ 


60 1 
25 | 
15 1 

15 1 
50 1 
9 


23 1 

95 1 
50 

17 -] 

28 j 
54 J 

Aft 1 



35 
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TABLE 4 

Cell Growth Assay on Various Cell Lines 



COMPOUND 


3T3/E/H+ 
TGF-a (T) 
IC50 (/IM) 


3T3/EGFR+ 
TGP-a(T) 
IC50 (/IM) 


3T3/PDGFR+ 

PDGF (T) 
IC50 (flH) 


SHC 
IC50 (MM) 


SU4312 


36 








SU4313 


32 


10.7 




8.8 


SU4314 


78 




10 




SU4984 






22.2 





10 



3T3/E/H+TGF-a (T) : NIH 3T3 cells expressing 
EGFR/HER2 chimera and TGF-a, tumor-derived 

3T3/EGFR+TGF-a(T) : NIH 3T3 cells expressing EGFR and 
TGF-a, tumor-derived 

3T3/PDGFR+PDGF(T) : NIH 3T3 cells expressing PDGF-flR 
15 and PDGF-00, tumor-derived 

SMC: human smooth muscle cells from Clonetics 



25 



6.3. Measurement Of Cell Toxicity 
Therapeutic compounds should be more potent in 
20 inhibitin 9 receptor tyrosine kinase activity than in 
exerting a cytotoxic effect. A measure of the 
effectiveness and cell toxicity of a compound can be 
obtained by determining the therapeutic index: IC^/LOs,,. 
IC S0 , the dose required to achieve 50% inhibition, can be 
measured using standard techniques such as those 
described herein. LD S0 . the dosage which results in 50% 
toxicity, can also be measured by standard techniques 
(Mossman, 1983, J. Immunol. Methods, 65:55-63), by 
measuring the amount of LDH released (Korzeniewski and 
Callewaert, 1983, J. Immunol. Methods 64:313; Decker and 
Lohmann-Matthes, 1988, J. Immunol. Methods 115:61), or by 
measuring the lethal dose in animal models. Compounds 
with a large therapeutic index are preferred. The 
therapeutic index should be greater than 2, preferably at 
least 10, more preferably at least 50. 



30 
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6.3. in vivo Animal Models 

6.3.x. Xenograft Animal Models 

The abi lity of human tumors to grow 
as xenografts in atnymic mice (e.g., Balb/c , nu/nu) ^ 

IZT : useful in vivo modei f or stud ^ ^ 

1 fLt reSP ° nSe t0 theraPiSS f ° r hUman t — Since 
21 aLl SUCCeSSfUl ^"-Plantation of human tumors 

Pathol. Afccroiual. scand. 77:758-760), many different 
10 human tumor cell lines (e . g ., aaamary> ^ 

genitourinary, gastrointestinal, head and neck, 
glioblastoma, bone, and malignant melanomas) have been 

rr"^ grown in — 

<*™ary tumor cell llneSf includi MCF _ 7 ZR7S _, a „„ 

xenografts in nude nica (Barti , t 

Cancer j,,.^,, 0 „ sllo ^ *• 

*»*y 2.- flBSS/atenoaraft iialaal Modal 

Ifcstudy the effect of anti-tu*or drug candidates on 

grow ln th. absence of suppl^tal estrogen. Many 

Zri C " 11 , Une8 a " daPend * nt °" ^ vivo 

9rowth in nude aice (Osborne et «!., „, pra) , nowever 1V ° 

3.^-7 ^s', ° r H eXamPle ' iB tte «* -trogen. 

OHCF 7, ZR-7S-!, and T47D cells grow well in vivo, but 

usad! Th * fOUO, ' in * '«» «* "«-9r«ft protocol can b. 



35 



1) implant tumor cells ( subcutaneous ly) into the 
hindflank of five- to six-week-old female 
Balb/c nu/nu athymic mice; 
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2) administer the anti-tumor compound; 

3) measure tumor growth by measuring tumor volume. 
The tumors can also be analyzed for the presence of 

a receptor, such as HER2, EGF or PDGF, by Western and 
5 immunohistochemical analyses. Using techniques known in 
the art, one skilled in the art can vary the above 
procedures, for example through the use of different 
treatment regimes. 
Assay 2: FLK-l/Xenograft Model. 

10 The ability of the compounds of the present 

invention to inhibit ovarian, melanoma, prostate, lung 
and mammary tumor cell lines established as SC xenografts 
was examined. These studies were conducted using doses 
ranging from 1 to 75 mg/kg/day. 

15 Materials And Methods. The tumor cells were 

implanted subcutaneously into the indicated strains of 
mice. Treatment was initiated on day l post implantation 
unless otherwise indicated (e.g. treatment of the SCID 
mouse related to the A375 melanoma cell line began on Day 

20 9) . Eight (8) to sixteen (16) mice comprised each test 
group. 

Specifically: 

Animals. Female athymic mice (BALB/c, nu/nu) , 
BALB/c mice, Wistar rats and Fisher 344 rats were 

25 obtained from Simonsen Laboratories (Gilroy, CA) . Female 
A/I mice were obtained from Jackson Laboratory (Bar 
Harbor, ME). DA rats were obtained from B&K Universal, 
Inc. (Fremont, CA) . Athymic R/Nu rats, DBA/2N mice, and 
BALB/c mice were obtained from Harlan Sprague Dawley 

30 (Indianapolis, IN) . Female C57BL/6 mice were obtained 
from Taconic (Germantown, NY) . All- animals were 
maintained under clean-room conditions in Micro-isolator 
cages with Alpha-dri bedding. They received sterile 
rodent chow and water ad libitum. 

35 All procedures were conducted in accordance with the 

NIH Guide for the Care and Use Of Laboratory Animals. 

* , ' . \j 
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Subcutaneous Xenograft Model. Cell lines v*™ 
grown in appropriate medium as described (See Se"LnT 
cells were harvested at or near co„ f luency wL 0 5% ^ ' 
Trypsin-EDTA and pelleted at 450 x o for fn 7 

5 were resuspended in sterile PBS or LlT , « ' PeUetS 
a su ^ki~ sterile PBS or media (without FBS) to 

a suitable concentration indicated in the Figure legends 
and the cells were implanted into the hindf laTU ! 
*u»or growth was measured over 3 to . velZ Tinl *2r 
calipers tumor volumes were ea i e „i a «.^ venier 

values were calculated using the students- t-test 
Compound in 50 - 100 „L excipient (dimethylsulfoL. 

is legends " ™ teatl - in the Pigure 

KWl1 ^^"J^ojraft Model. For the -ouse 
IC »odel, rat C6 gli OM cells were harvested and 
suspended in sterile pb<s » 

oo-m , , sterile PBS at a concentration of 2.5 x io' 
cells/ml and placed on ice r»n„ . 10 

cUp^rT,: SCB1PS ° f ^ W «" sh «ed with iniM1 
ciders i, necessary b. Iore wabblng vith ,„ 

wts^serT: :~ tU ' A " ith iaonuorane and the 

40% .XTT !^ ^ tod 1 "• i 9" t io » <* about 
40* and/or snowed neurological synptoM. . 

Pishi"^* Mt K ■"***' rat " <««*•*. SP"9»« Dawley 

„ ioTL ^Ti an^th^ti^ by an IP injection of 

Del? ^ ^ (Xetmtta "**^«.ride; Aveco. Port 

Bayl I°^„T 5 ^ ^ « =o utio"; 

Bayer, Ger^v,. Mter onset of anesthesia, the sdp 
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was shaved and the animal was oriented in a stereotaxic 
apparatus (Stoelting, Wood Dale, IL) . The skin at the 
incision site was cleaned 3 times with alternating swabs 
of 70% ethanol and 10% Povidone-Iodine. A median 1.0 - 
5 1.5 cm incision was made in the scalp using a sterile 
surgical blade. The skin was detached slightly and 
pulled to the sides to expose the sutures on the skull 
surface. A dental drill (Stoelting, Wood Dale, IL) was 
used to make a small (1-2 mm diameter) burrhole in the 

10 skull approximately l mm anterior and 2 mm lateral to the 
bregma. The cell suspension was drawn into a 50 jiL 
Hamilton syringe fitted with a 23 or 25g a standard bevel 
needle. The syringe was oriented in the burrhole at the 
level of the arachnoidea and lowered until the tip of the 

15 needle was 3 mm deep into the brain structure, where the 
cell suspension was slowly injected. After cells were 
injected, the needle was left in the burrhole for 1-2 
minutes to allow for complete delivery of the cells. The 
skull was cleaned and the skin was closed with 2 to 3 

20 sutures. Animals were observed for recovery from surgery 
and anesthesia. Throughout the experiment, animals were 
observed at least twice each day for development of 
symptoms associated with progression of intracerebral 
tumor. Animals displaying advanced symptoms (leaning, 

25 loss of balance, dehydration, loss of appetite, loss of 
coordination, cessation of grooming activities, and/or 
significant weight loss) were humanely sacrificed and the 
organs and tissues of interest were resected. 

Intraperitoneal Model. Cell lines were grown 

30 in the appropriate media. Cells were harvested and 

washed in sterile PBS or medium without FBS, resuspended 
to a suitable concentration, and injected into the IP 
cavity of mice of the appropriate strain. Mice were 
observed daily for the occurrence of ascites formation. 

35 Individual animals were sacrificed when they presented 
with a weight gain of 40%, or when i the IP tumor burden 
began to cause undue stress and pain to the animal. 
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6.3.2. xn vivo VEGP Pellet Model 

m^^-. ln thS follow ing example, the Pellet 

PLK 1 receptor and against disorders associated with the 
5 formation of hlood vsseis. In this D odel, l s 

packed into a ti-e-release peilet and iapiantld 

» in .eth.xceiiu":: near™ ^ ^ 'T"*- 
whether such inhibitor My he J^Z^T 
"reddening- response and subseguent sweUing. 

used:"""'" 1 " *" " eti0dS - » aerials were 

Princeton Business Park ea- p o v ' 
• 08553. ' ' ,0 * b ° X 2?5 ' Roc *y Hill, NJ 

2) VEGP packaged into 21 day release M n^ B 

20 tjztz ,r? L ----- 

27^« a, , „ 3361 Executive Parkway, p.o. Box 

2.1 /.g VEGF/Dellet i>h A « A j "«^o, 0.21, or 

"TO r.l.ast o™ ^ aPPr ° XiMte " « "0 

3) Methylcellulose 

4) Water (sterile) 

5) Methanol 

6) Appropriate drugs/ inhibitors 
30 7) io cn culture plates 

8) parafilm 

-e C ZITZZ?™ 1 ^ — * «nd„=t 
st^iUwa^ ^"--^WS- 
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3) Drugs solubilized in methanol (usual 
concentration range = 10 to 20 mg/ml) ; 

4) Place sterile parafilm in sterile 10 cm plates; 

5) ISO /il of drug in methanol added to 1.35 ml of 
5 1.5% methylcellulose and mixed/vortexed thoroughly; 

6) 25 (il aliguots of homogenate placed on parafilm 
and dried into discs; 

7) Mice (6-10 wk. Balb/c athymic nu/nu, female) 
were anesthetized via isoflurane inhalation; 8) 

10 VEGF pellets and methylcellulose discs were implanted 
subcutaneous ly on the abdomen; and 

9) Mice were scored at 24 hours and 48 hours for 
reddening and swelling response. 

The specific experimental design used in this 
15 example was: 

N = 4 animals/group 

Controls: VEGF pellet + drug placebo 

VEGF placebo + drug pellet 
Experimental Resulta. The compounds of the present 
20 invention are expected to demonstrate activity according 
to this assay. 

6.3.3. Mammary Fat Pad Model 

Because of the established role 

25 played by many of the RTKs, e.g., the HER2 receptor, in 
breast cancer, the mammary fat pad model is particularly 
useful for measuring the efficacy of compounds which 
inhibit such RTKs. By implanting tumor cells directly 
into the location of interest, in situ models more 

30 accurately reflect the biology of tumor development than 
do subcutaneoua, models. Human mammary cell lines, 
including MCF-7, have been grown in the mammary fat pad 
of athymic mice. Shafie and Grantham, 1981, Natl. Cancer 
Instit._ ..gZ: 51-56; Gottardis et al., 1988, J. Steroid 

3S 'Biochem. Ifl: 311-314. More specifically, the following 
procedure can be used to measure the inhibitory effect of 
a compound on the HER2 receptor: 
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1) implant, at various concentrations, MDA-MB-231 
and MCF-7 cells transfected with HER- 2 into the 
axillary mammary fat pads of female athymic 
mice ; 

5 2) Administer the compound; and 

3) Measure the tumor growth at various time 
points. 

The tumors can also be analyzed for the presence of 
a receptor such as HER2, by Western and 
10 i^unohistochemical analyses. Osin, techniques Known in 
the art, one skilled in the art can vary the above 
procedures, for exa.pl. through the use of different 
treatment regimes. 

15 6.3.4. Tumor invasion Model 

The following tumor invasion model has been 
developed and may be used for the evaluation of 
therapeutic value and efficacy of the compounds 

^ identified to selectively inhibit KDR/flk-! receptor. 

6,3. 4.1. Procedure 

inc , „ / W<M * (female > (Sl»onsen 

l2L Zl " eXPerta6ntal station of 

tumor cells was performed in a laminar flow hood. Por 
25 an.sth.sia, Xyla z ine/K.tami». cocktail (loo mg/k, 

^Un.^ ^ "* — ^.peritoneal*. 

ln9i " 10n 18 *»• f «<P°s« th. abdominal cavity 
(approximately l.s cm in Lngth, to inject 10 ' tumor ells 

If tte dUOd *" al >*• " the pane™., or under 

the s«r<». of th. colon. The peritoneum and muscles are 
closed with a 6 -o silk continuous suture and the skin Zs 
«-««* by using would clips. Animal were observed 



daily 

35 



6.3.4.2. Analysis^ 
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After 2-6 weeks, depending on gross 
observations of the animals, the mice are sacrificed, and 
the local tumor metastases, to various organs (lung, 
liver, brain, stomach, spleen, heart, muscle) are excised 
5 and analyzed (measurements of tumor size, grade of 
invasion, immunochemistry, and in situ hybridization). 

6.3.5. RESULTS 

Results for various compounds 
10 obtained from the above-described in vivo assays are set 
forth at Table 5, below: 



15 



20 



25 



30 
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TABLE 5 

In Vivo Data 



10 



15 



20 



COMPOUND 


EPH4-VEGF 1 
% inhibition § mg/kg 


SU4312 


56% § 75 J 




do* e 75 

63% @ 50 


SU4932 


42% § 75 I 




42% § 50/50 


SU4942 


46% @ 50 1 
47% § 25 


SU5416 


50% 6 25 




57% § 37.5/37.5 


SU5424 


45% @ 50 




65% @ 50 1 


SU5427 


47% @ 50 




65% @ 50 



, t hv ^ PreS6nt inVention is not to be limited in scope 
25 by the exemplified embodiments which are intended as 

illustrations of single aspects of the invention, and any 
clones, DNA or amino acid sequences which are 
functionally equivalent are within the scope of the 
invention, indeed, various modifications of the 
30 invention in addition to those described herein will 
become apparent to those skilled in the art from the 

»^ !/ e8CrlPti0n *** ^"Panving drawings. Such 
Edifications are intended to fall within the scope of 
therappended claims. . ; 

35 

bv J? '-'**'?" 0 '' Clte<J hSrein hSreby incorporated 
by reference in their entirety. 
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CLAIMS 

What Is Claimed: 

1. A compound of the formula 



5 



10 




and pharmaceutical^ acceptable salts thereof, wherein: 
R x is H or alkyl; 
15 R 2 is O or S; 

R 3 is hydrogen; 

Rsr Re/ and R, are each independently selected 
from the group consisting of hydrogen, alkyl, alkoxy, 
aryl, aryloxy, alkaryl, alkaryloxy, halogen, 
20 trihalomethyl, S(0)R, SOjNRR' , S0 3 R, SR, N0 2 , NRR' , OH, 
CN, C(0)R, OC(0)R, NHC(0)R, (CH a ) n C0 2 R, and CONRR' ; 

IV# RsS and R 6 / are each independently selected 
from the group consisting of hydrogen, alkyl, alkoxy, 
aryl, aryloxy, alkaryl, alkaryloxy, halogen, 
25 trihalomethyl, S(0)R, S0 2 NRR', S0 3 R, SR, N0 2 , NRR' , OH, 
CN, C(0)R, OC(0)R, NHC(0)R, (CH^COjR, and CONRR' ; 
n is 0-3; 

X is Br, CI, F or I; 
R is H, alkyl or aryl; and 
30 R' is H, alkyl or aryl, 

2. The compound of claim l wherein: 

J* 3 ' is selected from the group" consisting of methyl, 
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert- 
35 butyl, halogen, aryl and OR, where R is H, alkyl or aryl; 
and 
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R s ' is selected from the group consisting of 
hydrogen, methyl, ethyl, n-propyl, iso-propyl, n-butyl 
.so-butyl, tert-butyl, halogen, aryl and c£ where Tis 
H, alkyl or aryl. iS 

s 

3. A compound of the formula: 



10 




15 



R 7 



and pharmaceutical^ acceptable salts thereof, wherein- 

Ri is H or alkyl; 
R2 is O or S; 
R 3 is hydrogen; 

" ft™, « *" *"* "™ MCh inde P«<i«>tly selects 
fro. the group consisting of hydrogen, alkyl, alkoxv 
aryl, aryloxy, aUcaryi, alfcarylo,*, halogen, 
t«haio.ethyl, s ( o)R, scyiBR., so*, sr. no,, hrr- oh 

fro. L' "* independently selected 

fro. the group consisting of hydrogen, al*yl, alLy, 
aryl, aryloxy, .1*^, alkaryloxy, halogen, 
trihalcethyl, s<o)R, so,MRR', so*, SR , „„, „„„, _ 

C ( 0,R. 0C,0,R. HHC(0)R, (CH^CO*, ^ 
30 n is 0-3; ' 

R is H, alkyl or aryl; 
*' is H, alkyl or aryl; and . 
Ra and Bb are each independently selected from the 

35 SZT 9 ° f aUCyl *"* C(0)R ' ° r ***** 

* heter °^ cllc rin * of from 3 to 8 atoms 
optionally substituted at one or more positions with 
hydrogen, alkyl, alkoxy, aryl, aryloxy, alkaryl, 
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alkaryloxy, halogen, trihalomethyl, S(0)R, SO,NRR', so,R, 
SR, N0 2 , NRR', OH, CN, C(0)R, OC(0)R, NHC(0)R, (CH a ) B C0 1 R 
or CONRR'; 

with the provisos that: 
5 (i) when Ra and Rb are both H, methyl, or ethyl, at 

least one of R,, Rj, R,, r 7 , Rj / or V must be other than 
hydrogen; and 

(ii) when R x is methyl and one of Ra and Rb is methyl 
and the other is isooctyl, at least one of R,, r,, r,, r,, 
10 R 3 ' or Rj' must be other than hydrogen. 

4. The compound of claim 3 wherein: 

R 3 ' is selected from the group consisting of methyl, 
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert- 
15 butyl, halogen, aryl and OR, where R is H, alkyl or aryl; 
and 

Rs' is selected from the group consisting of 
hydrogen, methyl, ethyl, n-propyl, iso-propyl, n-butyl, 
• iso-butyl, tert-butyl, halogen, aryl and OR, where R is 
20 H, alkyl or aryl. 

5. A pharmaceutical composition comprising a compound of 
the formula: 



30 




or pharmaceutical^ acceptable salts thereof, in 
combination with a pharmaceutical^ acceptable carrier or 
35 exciplent, wherein: 

Rj is H or alkyl; 

Ra is 0 or S; ~ - 
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R 3 is hydrogen; 

**, Rs, Rs, and R 7 are each independently selected 
from the group consisting of hydrogen, alkyl, alkoxy 
aryl, aryloxy, alkaryl, alkaryloxy, halogen, 
5 trihalomethyl, s<0)R, S0 2 NRR' , so 3R/ S R, no 2 , nrr-, oh 

CN, C(0)R, OC(0)R / NHC (O)R, (CH a)n CO a R, and CONRR' ; ' 

V, R 3 ', Rs', and ^ are each independently selected 
from the group consisting of hydrogen, alkyl, alkoxy 
aryl, aryloxy, alkaryl, alkaryloxy, halogen 
10 trihalomethyl, S(0)R, SO a NRR' , so 3 R, S R, NO a ,' NRR' , 0H 
C( ° )R ' ° C <°) R ' NHC(0,R, (C H 2 , n C0 2 R, and CONRR' ; ' 
Ra and Rb are each independently selected from the 
group consisting of H, alkyl and C(0)R, or NRaRb taken 
together are a heterocyclic ring of from 3 to 8 atoms 
15 optionally substituted at one or more positions with 
hydrogen, alkyl, alkoxy, aryl, aryloxy, alkaryl, 
alkaryloxy, halogen, trihalomethyl , S(0)R, so a NRR' , so 3 R, 

■ "«.r ,f 0H ' c(o)r ' oc(o,r ' ™' 

20 n is 0-3; 

R is H, alkyl or aryl; and 
R' is H, alkyl or aryl; 
with the proviso that when the pharmaceutical^ 
acceptable carrier or excipient is selected from the 
25 group consisting of anise oil, carboxymethylcellulose and 
peanut oil, the compound is not 3-(4- 

dimethylaminoben 2 ylidene)-2-indolinone. 

6. ^e pharmaceutical composition of claim 5 wherein: 

8elSCted fr ° n ^ consi <*ing of methyl, 

ethyl, n-pro Py i, iso-propyl, n-butyl, iso-butyl, tert- 

butyl, halogen, aryl and OR, where R is H, alkyl or aryl; 

„ K „ V 18 8elected fro » group consisting of 

35 hydrogen, methyl, ethyl, n - propyI , iso-propyl, „ n-butyl, 

iso-butyl, tert-butyl, halogen, aryl and or' where R is 

H, alkyl or aryl. 
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7. A compound of the formula: 




R 



7 



10 



and pharmaceutical^ acceptable salts thereof, wherein: 
R x is H or alkyl; 
Rj is O or S; 
R 3 is hydrogen; 

15 R«, Rj, R«, and R 7 are each independently selected 

from the group consisting of hydrogen, alkyl, alkoxy, 
aryl, aryloxy, alkaryl, alkaryloxy, halogen, 
trihalomethyl, S(0)R, S0,NRR', S0,R, SR, N0 a , NRR', OH, 
• CN, C(0)R, 0C(0)R, NHC(0)R, (CR 3 ) n C0 2 K, and CONRR' ; 
20 A is a five membered heteroaryl ring selected from 

the group consisting of thiophene, pyrrole, pyrazole, 
imidazole, 1,2,3-triazole, 1,2,4-triazole, oxazole, 
isoxazole, thiazole, isothiazole, 2-sulfonylfuran, 4- 
alkylfuran, 1,2,3-oxadiazole, 1,2,4-oxadiazole, 1,2,5- 
25 oxadiazole, 1,3, 4 -oxadiazole, 1,2,3,4-oxatriazole, 
1,2,3,5-oxatriazole, 1,2,3-thiadiazole, 1,2,4- 
thiadiazole, 1,2,5-thiadiazole, 1,3,4-thiadiazole, 
1,2,3,4-thiatriazole, 1,2,3,5-thiatriazole, and 
tetrazole, optionally substituted at one or more 
30 positions with alkyl, alkoxy, aryl, aryloxy, alkaryl, 
alkaryloxy, halogen, trihalomethyl, S(0)R, SO a NRR', so 3 R, 
SR, NO a , NRR', OH, CN, C(0)R, OC(0)R, NHC(0)R, (CH^CO^R 
or CONRR' ; 

^s i8 °-3; 

35 - 3 R is H, alkyl or aryl; and 
R' is H, alkyl or aryl; 
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exclud^ ^ PrOViS ° t, " t °» f ° 110Wing — - are 
3- (pyrrol-2-ylmethylene) -2-indolinone; 

S in d olL"lT 10r °' 3 ' 4 " dinetoylPyrr01 - 2 ^^ 

S-O^-dimethyl^-ethylpyrro!^^,^.^.^. 

indolinoner 3 ' 5 "" 1 ^ 

, Ben2 ° iC a ° id ' ^"^-^^^-dihydro^-oxo^- 

2-indolinoLT 1 " Beth ^ 

vii—H , ^^^^-t^-^^-S-nitro-i^idazol^- 
yl ) methylene] -2-indolinone ; 

" ,i ^^"^t^-^^-S-nitro-imidazol-z- 
yl) methylene] -2-indolinone ; 

3- (thien-2-ylmethylene) -2-indolinone; 
' '* •„ , 1H - lndole - 7 - a ^tic acid, 3-f (2-butyl-iH- 
^xmxdazol^-ylj^ethylene]^^^^^^-, ethyl ester; ' 

lH-lndole-7-acetic acid, 3-[[2-butyl-i-rri i- 

: , 3 . 

dihydro-2-oxo-, ethyl ester. 



30 



35 
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or phannaceutically acceptable salts thereof, in 
combination with a phannaceutically acceptable carrier o 
excipient, wherein: 

R x is H or alkyl; 
5 R 2 is O or S; 

R 3 is hydrogen; 

R<f Rs# R 6/ and R 7 are each independently selected 
from the group consisting of hydrogen, alkyl, alkoxy, 
aryl, aryloxy, alkaryl, alkaryloxy, halogen, 

10 trihalomethyl, S(0)R, S0 2 NRR\ S0 3 R, SR, N0 2 , NRR' , OH, 
CN, C(0)R, 0C(0)R, NHC(0)R, (CH 2 ) n C0 2 R, and CONRR' ; 

A is a five membered heteroaryl ring selected from 
thiophene, pyrrole, pyrazole, imidazole, 1,2,3-triazole, 
1,2,4-triazole, oxazole, isoxazole, thiazole, 

15 isothiazole, 2-sulfonylfuran, 4-alkylfuran, 1,2,3- 
oxadiazole, 1,2,4-oxadiazole, 1,2,5-oxadiazole, 1,3,4- 
oxadiazole, 1,2,3,4-oxatriazole, 1,2,3,5-oxatriazole, 

1.2.3- thiadiazole, 1,2,4-thiadiazole, 1,2,5-thiadiazole, 

1.3.4- thiadiazole, 1, 2,3,4-thiatriazole, 1,2,3,5- 

20 thiatriazole, and tetrazole, optionally substituted at 
one or more positions with alkyl, alkoxy, aryl, aryloxy, 
alkaryl, alkaryloxy, halogen, trihalomethyl, S(0)R, 
S0 2 NRR', S0 3 R, SR, NO a , NRR' , OH, CN, C(0)R, OC(0)R, 
NHC(0)R, (CH 2 ) n C0 2 R or CONRR' ; 
25 n is 0-3; 

R is H, alkyl or aryl; and 
R' is H, alkyl or aryl; 

with the proviso that the following compounds are 
excluded: 

30 3- (pyrrol-2-ylmethylene) -2-indolinone; 

3- (5-chloro-3 , 4-dimethylpyrrol-2-ylmethylene) - 
2-indolinone; 

3- (3 , 5 -dime thy 1-4 -ethy lpyrrol-2 -y 1 ) -2- 
indolinone; 

35 3- (3 , 5-dimethy 1-4 -ethoxycarbony lpyrrol-2 -yl) -2- 

indolinone; ^ 
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Benzoic acid, 2 -[ [ [l-ethyl-2, 3-dihydro-2-oxo-3- 

5 l-methyl-3- [ ( l-methyl-s-nitro-inidazol-^- 

yl) methylene] -2-indolinone; 

yl) methylene] -2-indolinone; 

3- (thien-2-ylmethylene) -2-indolinone; 
lH-lndole-7-acetic acid, 3 -[ (2-butyi-iH- 

ester; 

lH-Indole-7-acetic acid, 3-[ [2 -butyl-i- r m 



20 




R 7 Rl 

trr^r^ 1 - — — < — « 

is o or S; 
30 Rj is hydrogen; 

frm *' **' *» 33:6 ea <* independently selected 

£o» the group consisting of hydrogen, al*yl, aUcoxy 
aryl aryl al*aryl, alfcaryloxy, halogen, 

»° of * ' ' NHC( ° )R ' «d CONRR' ; 

fro. the' ^oup^rtinJ o7h T 8elected 
P consisting of hydrogen, alkyl, alkoxy, 
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aryl, aryloxy, alkaryl, alkaryloxy, halogen, 
trihalomethyl, S(0)R, S0 3 NRR' , so,R, SR, NO a , NRR' , oh, 
CN, C(0)R, OC(0)R, NHC(0)R, (CH 2 ) n C0 2 R, and CONRR' ; 
n is 0-3; 

R is H, alkyl or aryl; and 
R' is H, alkyl or aryl. 

10. The compound of claim 9 wherein: 

R,' is selected from the group consisting of methyl, 
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert- 
butyl, halogen, aryl and OR, where R is H, alkyl or aryl; 



Rs' is selected from the group consisting of 
hydrogen, methyl, ethyl, n-propyl, iso-propyl, n-butyl, 
iso-butyl, tert-butyl, halogen, aryl and OR, where R is 
H, alkyl or aryl. 

11. A compound of the formula: 



and pharmaceutical^ acceptable salts thereof, wherein: 
R x is H or alkyl; 
30 Rj is O or S; 

Rj is ; hydrogen; 

*tt and R, are each independently selected 
from the group consisting of hydrogen, alkyl, alkoxy, 
aryl, aryloxy, alkaryl, alkaryloxy, halogen, 
35 trihalomethyl, S(0)R, SOjNRR' , SO,R, SR, N0 2 , NRR' , OH, 
CN, C(0)R, OC(0)R, NHC(0)R, (CH^CO^, and CONRR'; 



and 
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from ll ' ' ' SaCh inde P^ntly selected 

from the group consisting of hydrogen, alkyl, alkoxy 
aryl, aryloxy, alkaryl, alkaryloxy, halogen, 
trihalomethyl, S (0) R/ so 3 NRR', so 3 R, SR, NO a , nrr, oh 
SCN, C(0,R, OC ( 0>R, NHC(0)R, ( CH,> n CO,R, and CONRR' ; ' 

n is 0-3; 

2 is Br, ci, p, j, ffiethyl , ethyl/ n 
propyl, n-butyl, iso-butyl, or tert-butyl; 
R is H, alkyl or aryl; and 
10 r/ i s H , alkyl or aryl. 

12. The compound of claim n wherein: 

ethv^' ^ SeleCted fr ° m ^ listing of methyl 
ethyl, n-propyl, iso-propyi, n-butyl, iso-butyl tert> 
« butyl, halogen, aryl and OR, where R is H, al£ oTaryl; 

R*' is selected from the group consisting of 
hydrogen methyl, ethyl, n-propyl, iso-propyl, n-butyl 

20 S °2! ' tert ' bUty1 ' hal ° 9en ' aryl »* °*< where R y -; 
20 h, alkyl or aryl. 

« . A pharmaceutical composition comprising a 
pharmaceutical^ acceptable carrier or excipient and a 
^ compos accord^ to Ciaim l, 2 , 9 , l0 , a '. * 

14. A method for treating diseases related to 
^regulated tyrosine kinase signal transduction, th. 
method comprising the step of administering to a subject 
in need thereof a therapeutically effective^ amount* a 
3. compound selected from the group consisting of: 
(i) a compound of the formula: 



35 
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10 and pharmaceutical^ acceptable salts thereof, wherein: 
R x is H or alkyl; 
Rj is O or S; 
R 3 is hydrogen; 

R*/ Rs/ Re/ and R 7 are each independently selected 
15 from the group consisting of hydrogen, alkyl, alkoxy, 
aryl, aryloxy, alkaryl, alkaryloxy, halogen, 
trihalomethyl, S(0)R, S0,NRR', so 3 R, SR, N0 a , NRR', OH, 
CN, C(0)R, OC(0)R, NHC(0)R, (CH 2 ) n C0,R, and CONRR' ; 

R 3 ', Rs' , and R/ are each independently selected 
20 from the group consisting of hydrogen, alkyl, alkoxy, 
aryl, aryloxy, alkaryl, alkaryloxy, halogen, 
trihalomethyl, S(0)R, SOJXRR' , S0 3 R, SR, NO a , NRR', OH, 
CN, C(0)R, OC(0)R, NHC(0)R, (CH^COjR, and CONRR'; 

n is 0-3 ; 
25 x is Br, CI, P or I; 

R is H, alkyl or aryl; and 

R' is H, alkyl or aryl; 

(ii) a compound of the formula: 



30 



NRaRb 



35 
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aM TZ7TZ , 1 aoceptable salts *«•*»• 

«i is h or alkyl; 
R 2 is 0 or S; 
R a is hydrogen; 

5 fro n Jt' ^ ^ ^ SaCh inde Pendently selected 

from the group consisting of hydrogen, alkyl, alkoxy 

IZL^l:**' alkarn ' alka ^°^' Slogan/ 
trihalomethyl, S(o,R, S o 2 nrr S S( > 3 r, SR/ n nrr/ 

«. C(0,» OC ( 0, R , hhcoJK, (CHa)n C0 2R/ 'and CO^ J ' 
from 5j ' SaCh ^ependently selected 

™ ing i k of hydrogen - alkyl < — 

JL^ iTT' alkary1 ' alJ «ryloxy, halogen, 
trihalomethyl, s(0) R , so 2 NRR' so ,r sr no m , 

CK, C«0,H OC (0)R . KHC(0)R f ^^'^^ "' 
A3 n is 0-3 ; ' 

R is H, alkyl or aryl; 
R' H, alkyl or aryl; and 

Ra and Rb are each independently selected from th e 
optxonaUy substitute at one or «. posi Xrl ll7 

» ~ ' C < 0,R ' oc(o,R ' shc(o,r < 

(iii) a compound of the formula: 



30 




35 R 7 f»i 
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Rj is H or alkyl; 
R a is 0 or S; 
R 3 is hydrogen; 

R«# Rs/ Re» and R 7 are each independently selected 
5 from the group consisting of hydrogen, alkyl, alkoxy, 
aryl, aryloxy, alkaryl, alkaryloxy, halogen, 
trihalpmethyl, S(0)R, SO a NRR', S0 3 R, SR, NO a , NRR' , OH, 
CN, C(0)R, OG(0)R, NHC(0)R, (CH a ) n CO a R, and CONRR'; 

A is a five membered heteroaryl ring selected from 
10 the group consisting of thiophene, pyrrole, pyrazole, 
imidazole, 1,2,3-triazole, 1,2,4-triazole, oxazole, 
isoxazole, thiazole, isothiazole, 2-sulf onylfuran, 4- 
alkylfuran, 1,2,3-oxadiazole, 1,2,4-oxadiazole, 1,2,5- 
oxadiazole, 1, 3,4-oxadiazole, 1,2,3,4-oxatriazole, 
15 1,2,3, 5-oxatriazole, 1,2, 3-thiadiazole, 1,2,4- 
thiadiazole, 1,2,5-thiadiazole, 1,3,4-thiadiazole, 
1,2,3,4-thiatriazole, 1,2,3,5-thiatriazole, and 
tetrazole, optionally substituted at one or more 
positions with alkyl, alkoxy, aryl, aryloxy, alkaryl, 
20 alkaryloxy, halogen, trihalomethyl , S(0)R, SO a NRR', so 3 R, 
SR, N0 a , NRR', OH, CN, C(0)R, 0C(0)R, NHC(0)R, (CH^COjR 
or CONRR'; 

n is 0-3; 

R is H, alkyl or aryl; and 
85 R' is H, alkyl or aryl; 

(iv) a compound of the formula: 



30 



35 
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R x is H or alkyl; 
R 2 is O or S; 
R 3 is hydrogen; 

s » r ™ « ™* ^ eaC " ^P^ently selected 

« C ° nSiStln ' <* alky!, , lkoJty , 

aryl. aryloxy, alkaryl, alkaryloxy, halogen, 

« 1 ^iZ thy1 ' S( ° ,R ' S ° llTO '' S °' R ' *• OH. 
CN, C<0)R, OC(0)R, HHC<0,R, (CH^CCy,, and COHRR' ,' 

10 fro. !U " 5 " e eaCh inae P^ently selected 

10 fro. the group consisting o£ hydrogen, alkyl, alkoxy, 
aryl, aryloxy, alkaryl, alkarylosy, halogen, 
trihalomethyl, s,o)H. scym.'. so,R, sr, „„„ m . , 0B 
CK, C ( 0,R, OC,0,R, MHC (O) R, (CH,,.^, and CONRR' ; 
n is 0-3; 
« r is H , alkyl or aryl; and 
R' is H, alkyl or aryl; and 

< v > a compound of the formula: 
20 2 



25 




30 



and phar^ceutically acceptable salts thereof, .herein: 
Ri is H or alkyl; 
Ra is O or S; 
Rj is hydrogen; 

fro™ ^' * eaCh ^P^^tly selected 

f*om the group consisting of hydrogen, alkyl, alkoxy, 

35 ^\^ 1<>Xy ' Hlkary1 ' halogen, 

35 trihalomethyl, S(0) R , SO^, so,R, sr, N 0„ hrr, oh 
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R 3 ', R*', and Rj' are each independently selected 
from the group consisting of hydrogen, alkyl, alkoxy, 
aryl, aryloxy, alkaryl, alkaryloxy, halogen, 
trihalomethyl, S(0)R, SO,NRR', S0 3 R, SR, NO a , NRR', OH, 
5CN, C(0)R, OC(0)R, NHC(0)R, (CH^CO^, and COMRR' ; 
n is 0-3; 

Z is Br, CI, F, I, methyl, ethyl, n-propyl, iso- 
propyl, n-butyl, iso-butyl, or tert-butyl; 
R is H, alkyl or aryl; and 
10 R' is H, alkyl or aryl. 

15. The method of claim 14 wherein said disease is 

selected from the group consisting of cancer, blood 

vessel proliferative disorders, fibrotic disorders, 

15 mesangial cell proliferative disorders and metabolic 
diseases. 

16. The method of claim 14 wherein the blood vessel 
proliferative disorder is selected from the group 

20 consisting of arthritis and restenosis. 

17. The method of claim 14 wherein the fibrotic disorder 
is selected from the group consisting of hepatic 
cirrhosis and atherosclerosis. 

25 

18. The method of claim 14 wherein the mesangial cell 
proliferative disorder is selected from the group 
consisting of glomerulonephritis, diabetic nephropathy, 
malignant nephrosclerosis, thrombotic microangiopathy 

30 syndromes, transplant rejection and glomerulopathies. 

19. The method of claim 14 wherein the metabolic 
disorder is selected from the group consisting of 
psoriasis, diabetes mellitus, wound healing, inflammation 

35 and neurodegenerative diseases. 
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20. A method for regulating tyrosine kinase signal 
transduction comprising . administering to a subject a 

fromT tiCally *— * ° f a C °^°- d -^cted 

from the group consisting of: 

5 (i) a compound of the formula: 



10 




« and pharMao.utic.lly aco.pt.bl,, salts thereof, wherein: 

Ri is H or alkyl; 
Ra is o or S; 
R 3 is hydrogen; 

20 fro. tt. "* "* ^ ^^"y Elected 

20 from the group consisting of hydrogen, alkyl, altoty 

aryl, aryloxy, alkaryl, alkaryloxy, halogen, 
^ihaloBethyl, S(o, R , SOlNSR ., S0 , R , 

«. C(0, R , 0C(0) R , NHC(0, S , (oy.CO*. and COHRR' ; 

25 fr™ "*'' a " <1 ^ ^ ^P^^ly selected 

25 from the group consisting of hydrogen, alkyl, .ikoxy 
aryl, aryloxy, aBcaryl, alkarylo^y, halogen, 
trlhalonethyl, S(0)R, scyna,., so*, SR , „ ^ 

C(0 >*< »"<=«»«. WM and^ ' 

n is 0-3; ' * \ 

30 X is Br, ci, Fori; 

R is H, alkyl or aryl; and 

*' is H, alkyl or aryl; 



35 
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(ii) a compound of the formula: 




R 



10 



and pharmaceutical^ acceptable salts thereof, wherein: 
R x is H or alkyl; 
R 2 is O or S; 
R 3 is hydrogen; 
15 R«, Rs» R«, and R 7 are each independently selected 

from the group consisting of hydrogen, alkyl, alkoxy, 
aryl, aryloxy, alkaryl, alkaryloxy, halogen, 
trihalomethyl, S(0)R, SOJtBR' , S 0,R, SR, N0 a , NRR' , OH, 
CN, C(0)R, OC(0)R, NHC(0)R, (CH^CO^, and CONRR' ; 
20 R,', r 3 ', r^, and R,' are each independently selected 

from the group consisting of hydrogen, alkyl, alkoxy, 
aryl, aryloxy, alkaryl, alkaryloxy, halogen, 
trihalomethyl, S(0)R, SO a NRR' , S 0,R, SR, NO,, NRR' , OH, 
CN, C(0)R, OC(0)R, NHC(0)R, (CH^CO^, and CONRR' ; 
25 n is 0-3; 

R is H, alkyl or aryl; 
R' H, alkyl or aryl;. and; 

Ra and Rb are each, independently selected from the 
group consisting of H, alkyl and C(0)R, or NRaRb taken 

30 together are a heterocyclic ring of from 3 to 8 atoms 
optionally substituted at one or more positions with 
hydrogen, alkyl, alkoxy, aryl, aryloxy, alkaryl, 
alkaryloxy, halogen, trihalomethyl, S(0)R, SOjNRR', so,R, 
SR, N0 a , NRR', OH, CN, C(0)R, 0C(0)R, NHC(0)R, (CH^OXR, 

35 and CONRR' ; 
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(iii) a compound of the formula: 




R 



10 



7 



and pharmaceutical^ acceptable salts thereof, wherein- 
Ri is H or alkyl; 
R 2 is O or S; 
R 3 is hydrogen; 

" , !w *" *" "* * "* Mch ^P^ently selected 
from the group consisting of hydrogen, alXyl, altacy, 
aryl, aryloxy, alxaryl, alkaryloiy, halogen, 

. ^^thyi, S(0,R, SO.R, SR. HO,. HRR-, OH, 

Of. C O ., oc,o,R, KHC(0, R , «*,,„«*«, and CONRR' ; 

* is a five m^toered heteroaryl ring selected from 
tte group consisting of thiophene, pyrrole, pyrazole, 
imidazole, 1,2,3-triazole, 1,2,4-triazole, oxazole 
isoxazoZe, thiazole, isothiazoie, 2-sulfonylfuran, 4- 
alkylfuran, 1,2,3-oxadlazole, 1,2,4-oxadiazole l 2 5- 

.. oxadiazole, 1,3.4-oxadiazole, l.,.,.*^^.''' 
1.2.3,5-oxatriazole, 1,2,3-thiadiazole, 1,2,4. 
thiadiazole, .l,2,5-thl.di. S ole, 1,3,4-thi.di.zole, 
1.2,3,4-thiatriarele, 1.2.3,5-thiatrlazole, and 

an ^,IT U ' ° PtioiMU * substituted at one or more 

Sxartr T alky1 ' tVmXi ' ^ alxaryl, 
alKarylox^halogen, trihaloaethyl, s<0>», 

C(0)8 ' ° C(0,S ' raC(0 ' R ' < ^ 

n is 0-3; 
35 R is H, alkyl or aryl; and 
R' is H, alkyl or aryl; 
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(iv) a compound of the formula: 



5 




10 



and pharmaceutically acceptable salts thereof, wherein: 
R x is H or alkyl; 
E, is o or S; 
R, is hydrogen; 

15 R«/ Rs» Re/ and R, are each independently selected 
from the group consisting of hydrogen, alkyl, alkoxy, 
aryl, aryloxy, alkaryl, alkaryloxy, halogen, 
trihalomethyl, S(0)R, S0,NRR', S0,R, SR, HO a , NRR', OH, 
CN, C(0)R, OC(0)R, NHC(0)R, (CH^CC^R, and CONRR' ; 
20 Rj'f V, V, and Rj' are each independently selected 
from the group consisting of hydrogen, alkyl, alkoxy, 
aryl, aryloxy, alkaryl, alkaryloxy, halogen, 
trihalomethyl, S(0)R, SO,NRR', so,R, SR, NO a , NRR', OH, 
CN, C(0)R, OC(0)R, NHC(0)R, (CH^COjR, and CONRR'; 
25 n is 0-3; 

R is H, alkyl or aryl; and 
R' is H, alkyl or aryl; and 
(v) a compound of the : formula: 



30 




Z 
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and pharmaceutical^ acceptable salts thereof, wherein- 
R x is H or alkyl; 
R a is 0 or S; 
R 3 is hydrogen; 

R«, Rs, R6, and R, are each independently selected 
from the group consisting of hydrogen, alkyl, alkoxy 
aryl, aryloxy, alkaryl, alkaryloxy, halogen, 
trihalomethyl, S(0)R, SO a NRR' , S 0 3 R, SR, N0 2 , NRR' oh 
CN ' C( °> R ' 0C <°>*< NHC(0,R, ( CH a)n C0 a R, and C<Z>' ; ' 

fro* 5.1' Rj// V ' ^ a " ^ inde Pendently selected 
from the group consisting of hydrogen, alkyl, alkoxy, 
aryl, aryloxy, alkaryl, alkaryloxy, halogen, 
trihalomethyl, s(0)R, so 2 NRR', c^r, sr , NOa , ^ QH 
CN, C(0,R, OC(0)R, KHC(0)R, (C H a)n CO a R, and CONRR' ; ' 
15 n is 0-3; ' 

Z is Br, Cl, P, I, ffle thyl, ethyl, n-propyl, lso . 
Propyl, n-butyl, iso-butyl, or tert-butyl; 
R is H, alkyl or aryl; and 
R' is H, alkyl or aryl. 
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